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I. SUMMARY 


A compressor stage with a rotor tip speed of 1600 ft/sec, high blade loadings, and boundary 
layer suction through a slit in the corner formed by the stator suction surface and the hub 
wall was tested. Both rotor and stator blades had multiple circular arc (MCA) airfoil sections. 
The stator chord angle was set 4 degrees more axial than design, to increase incidence for the 
purpose of evaluating the effect of slit suction on stator flow range. 

Overall performance at design speed for data points with stator hub slit suction is compared 
to data without slit suction in Table 1. Two values of stage efficiency are given, the values 
in parenthesis were calculated using a procedure which accounts for the flow bled through 
the boundary layer suction slit. Comparison of data taken with and without slit suction 
showed that suction improved efficiency at maximum flow, part speed, but had little effect 
near stall. No significant increase in stage efficiency was obtained at design speed. Flow 
range from maximum flow to stall was not affected by slit suction. Slit suction reduced 
stator losses at 5, 10, and 15 percent span from the hub. Stator wakes were narrower and 
shallower with suction. 


TABLE 1 

OVERALL PERFORMANCE COMPARISON 
WITH AND WITHOUT SLIT SUCTION 
(DESIGN SPEED) 


Parameter 

Max Efficiency 
Data Point 
Without Suction 

Max Efficiency 
Data Point 
With Suction 

Near-Stall 
Data Point 
Without 
Suction 

Near-Stall 
Data Point 
With 
Suction 

Corrected Weight 
How, lb/sec 

181.03 

179.58 

173.09 

173.58 

Rotor Pressure 
Ratio 

1.906 

1.935 

2.003 

2.033 

Rotor Efficiency, 
Percent 

87.3 

87.6 

85.8 

86.5 

Stage Pressure 
Ratio 

1.842 

1.871 

1.908 

1.937 

Stage Efficiency, 
Percent 

82.3 

82.7 

(82.2) 

79.2 

79.9 

(79.4) 
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Contour plots were prepared for pressure, temperature, velocity, and air angle at the stator- 
exit instrumentation plane with stator hub slit-suction. Contour plots showed that stator 
losses were concentrated in comers where the stators intersected the endwalls, and’ that these 
loss areas grew with increased back pressure. Increased back pressure caused more severe 
total pressure gradients in the wake region although wake width remained approximately 
constant. 

No stress limits were encountered during the test program. Rotating stall surveys showed 
that abrupt stalls occurred at all speeds with indications of rotating stall initiating a surge 
cycle. 
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II. INTRODUCTION 


Recent results from research compressors have shown that compressor rotors can be designed 
to operate with high aerodynamic blade loading and/or high inlet relative Mach number and 
still achieve good efficiency (85 to 94 percent) with acceptable stall margin (12 to 15 percent). 
However, there is a severe penalty on stage efficiency due to high stator losses. The major 
portion of the high loss region occurs in the vicinity of the stator end-walls. Therefore, no 
appreciable overall gains in stage performance can be made without reducing the level of 
losses in the stator end-wall regions. In addition to high stator losses, in many cases the stall 
free range of the compressor stage is limited by stator stall. Slit-suction is one type of end- 
wall treatment that has shown some degree of success in reducing stator end-wall losses in 
cascades (Reference 2) and single stage compressors (Reference 3). 

As part of Contract NAS3-10482, a stator end-wall treatment program was initiated to inves- 
tigate the effectiveness of various types of end-wall treatments on reducing stator losses and 
increasing the stator stall free range of operation. The single stage compressor used in this in- 
vestigation is the same as presented in Reference 1 with stator hub-slit-suction added. In 
order to evaluate the effect of end-wall treatment on stator range, the stator vanes were re- 
staggered four degrees open (increased incidence) with respect to the design stagger. This 
compressor has a design rotor tip speed of 1 600 ft/sec and demonstrated a rotor pressure 
ratio and efficiency of 2.0 and 89 percent respectively, and a stage pressure ratio and effi- 
ciency of 1,946 and 84.5 percent respectively. 

The purpose of this report is to present the results of stator hub slit-suction applied to a high 
Mach number highly loaded single stage compressor. 


3 



III. APPARATUS AND PROCEDURE 


A. Test Compressor 

The compressor (Figure 1) is a highly-loaded, high-Mach-number, single stage with no inlet 
guide vanes, 30 MCA rotor blades and 44 MCA stator vanes. It is identical to the compressor 
of Reference 1 except for the addition of stator hub-slit-suction shown in Figure 2, and a stator 
restagger of four degrees to increase incidence so that the effects of slit suction on stator 
flow range could be evaluated. The rotor is the same one tested in Reference 1 except that 
blades tips were machined to remove results of tip abrasion, and leading edges were blended 
to remove nicks resulting from a bearing failure in a previous test. Extra material (0.030 
inch) was added to the rotor shroud rub-strip to provide an acceptable blade tip clearance 
without changing the axial location of the rotor relative to the stator. Proximity measure- 
ments indicated that the rotor running clearance was 0.063 inch at design speed, compared 
with 0.050 inch in the test results reported in Reference 1 . Rotor and stator design para- 
meters are summarized in Table 2. Hie rotor assembly is shown in Figure 3. Complete de- 
sign details are given in Reference 4. 


TABLE 2 

MCA ROTOR AND STATOR DESIGN PARAMETERS 
Rotor — Stations 8 and 9 


% Span 

Dia — 1 

Dia — 2 

0 * 8 

0*9 

0 * 8ss 

0 * sh 

Solidity 

5 (hub) 

17.47 

19.77 

48.97 

1.87 

55.40 

45.74 

2.276 

10 

18.47 

20.41 

49.59 

9.63 

56.02 

46.76 

2.173 

15 

19.47 

21.05 

50.44 

16.51 

56.59 

47.76 

2.080 

30 

22.31 

22.96 

53.77 

29.73 

57.87 

50.53 

1.855 

50 

25.79 

25.52 

56.40 

42.30 

59.30 

54.68 

1.638 

70 

28.95 

28.08 

59.08 

50.53 

61.07 

59.17 

1.476 

85 

31.29 

29.99 

61.63 

54.11 

62.96 

63.01 

1.379 

90 

31.88 

30.63 

62.53 

55.10 

63.65 

64.18 

1.355 

95 (tip) 

32.50 

31.27 

63.21 

55.84 

64.14 

64.96 

1.332 

Stator - 

Stations 1 0 and 1 1 






%Span 

Dia — 1 

Dia — 2 

0 * 10 

0 * 11 

0 * lOss 

0 * sh 

Solidity 

5 (hub) 

20.41 

21.49 

39.23 

-16.41 

42.15 

34.47 

2.010 

10 

21.01 

21.96 

38.27 

-15.44 

41.21 

32.62 

1.959 

15 

21.59 

22.43 

37.42 

-14.89 

40.36 

30.94 

1.911 

30 

23.31 

23.90 

35.44 

-15.22 

38.44 

27.18 

1.781 

50 

25.60 

25.89 

33.60 

-16.04 

36.72 

24.01 

1.632 

70 

27.82 

27.90 

32.45 

-17.48 

35.68 

22.38 

1.508 

85 

29.41 

29.38 

32.12 

-19.91 

35.44 

22.82 

1.430 

90 

29.91 

29.86 

32.15 

-21.40 

35.48 

23.36 

1.407 

95 (tip) 

30.38 

30.29 

32.33 

-23.69 

35.69 

24.40 

1.387 


NOTE: Symbol definitions appear in Appendix 2. 
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The suction slit design was based on data reported in References 2 and 3 which showed 
that end-wall-region cascade losses were reduced significantly by extracting small amounts 
of flow through a slit at the intersection of the wall and blade suction surface. These data 
showed that most of the attainable benefit was obtained by extracting the corner flow passing 
through the area common to the boundary layer displacement thickness growth on the 
vane surface and the wall. 

The stator hub slit extends from 1 5 to 85 percent chord and is .025 inch wide. Design flow 
rate through the slits is 0.30 percent of compressor design flow. Slit suction design details 
are given in Reference 4. 

Suction for stator hub slits was provided by test facility exhaust pumps. The stator hub 
slit suction plenum is evacuated using four hollow struts just upstream, and in line with the 
rear bearing support struts. Suction flow through these stmts is measured using a common 
calibrated flow measuring orifice (Figure 4). Other facility hardware was the same as 
described in Reference 1. 

B. Instrumentation and Calibration 

Static pressure in the plenum beneath the suction slits was measured by three pressure taps, 
and the plenum temperature was measured by three bare-wire thermocouples. Slit-suction 
flow rate was measured by a 3.297 inch sharp-edge orifice (Figure 4) within an estimated 
accuracy of ± .03 lb/ sec flow. Hot film probes are used to detect rotating stall. Other in- 
strumentation is described in Reference 1. Typical instrumentation is shown in Figure 5. 
Axial and circumferential locations of instrumentation are shown in Figures 6 and 7, respec- 
tively. 

C. Test Procedure 

All testing was conducted with uniform inlet flow. Stator hub slit suction was used for all 
tests unless otherwise noted. 

1. Shakedown Test 

Shakedown tests were conducted to establish the mechanical integrity of the 
compressor and to locate critical stress boundaries which could limit the operating 
range. Vibratory stresses were recorded during accelerations and decelerations 
from 50 to 105 percent of design speed with open throttle, part- throttle, and 
near stall throttle settings. All fixed instrumentation and wake rake traverse data 
were recorded at the beginning and end of each constant throttle acceleration to 
provide three data points at 50 percent and at 100 percent speed. At design 
speed, one performance data point was acquired which included traverse data at 
all stations to verify the hub-slit-suction flow rate and demonstrate the operation 
of data acquisition and reduction systems. 

Rotating stall surveys were conducted at 50, 70, 85, 90, 95, and 100 percent of 
design speed. Velocity fluctuations at the rotor inlet were indicated by a hot film 
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probe with three sensors located at 25, 50, and 85 percents of span from the hub 
(Figure 5f). Readings from this probe along with selected rotor and stator strain 
gages, a speed signal, and a stator leading edge static pressure were recorded 
simultaneously as the throttle was closed from wide open to stall. Several surge 
pulses were recorded for each stall-transient survey. 

j- 

2. Performance Test 

Performance data with stator hub slit suction were obtained at 50, 70, 85, 90, 

95, and 100 percent of design speed for a total of 30 points. In addition stall 
flows were measured for all speeds. Traverse data were taken at nine diameters at 
the rotor-inlet and stator-exit for 26 of the data points. For the remaining four 
data points, boundary layer surveys were conducted at fifteen radial positions for 
all probes. Stator-inlet probes were traversed for these four points, in addition 
to the rotor inlet and stator exit probes. One combination probe (shown in 
Figure 5c) at the stator exit was tangentially traversed across a stator blade gap at 
fifteen radial locations to supplement the wake rake data. Three of the boundary 
layer survey points were acquired at design speed, part throttle, peak efficiency, 
and near stall. The fourth point was acquired at 70 percent speed, near stall flow. 

Six additional performance data points, three at 70 and three at 100 percent of 
design speed were taken, without stator hub-slit-suction to isolate the effects of 
suction on performance. All radial traverse data were obtained for these six 
performance points including stator inlet traverses. Stall flow was measured at 
100 percent speed without slit suction. 

D. Calculation Procedure 

The calculation procedure was the same as discussed in Reference 1 for uniform inlet flow 
conditions with an additional adjusted efficiency calculation which accounts for the stator 
hub-slit-suction flow. 

Adjusted efficiency was defined as the ratio (ideal work/actual work) where ideal work was 
calculated for only the flow which reached the compressor exit, and actual work as the sum 
of work done on the bleed flow in addition to work done on compressor exit flow. The 
actual work term does not account for the work required by the facility exhausters. The 
equation of this adjusted adiabatic efficiency is given in Appendix 1 . Adjusted efficiency 
values are tabulated for each data point in Appendix 3 . 

For the boundary layer survey points, overall performance and blade element calculations 
were made using the wake rake data and contour plots of various stator aerodynamic para- 
meters were generated from combination probe measurements. Velocities were calculated 
from combination probe measurements of total and static pressure, total temperature, and 
air angle in the following manner: 1 ) Measurements of total and static pressure were used, 
with a probe calibration, to determine Mach numbers; 2) Total temperature measurements 
were corrected for Mach number and pressure level effects and used with Mach number to 
calculate absolute velocities; 3) Measured air angles were corrected for Mach number effects 
and used to resolve meridional and tangential velocity components. 
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IV. RESULTS AND DISCUSSION 


A. Shakedown Test Results 

Levels of vibratory stresses on the blades and vanes were recorded during accelerations and 
decelerations between 50 and 105 percent of design speed with wide open throttle, and near 
stall throttle settings. All observed blade and vane vibratory stress levels were within acceptable 
limits. 

Surge occurred at all speeds. This was determined from continuous recordings of signals 
from a three-sensor hot film probe at the rotor inlet, from strain gages, and from static 
pressures located along the flow-path walls. At high speeds, these measurements showed large 
fluctuations in velocity simultaneous with high vibratory stresses in rotor and stator blades, 
and static pressure variations. Periodic fluctuations in velocity indicated that rotating stall 
occurred at the beginning of the surge cycle. 

An oscillograph trace at 90 percent speed (Figure 8) shows a representative velocity pattern 
for all stalls. Velocities at midspan and hub decreased at surge whereas tip velocities in- 
creased. The period of the surge-pulse was approximately 0.13 seconds. The recovery period 
between surge pulses varied with speed, ranging from 1.05 seconds at design speed down to 
0.1 1 seconds at 50 percent speed. At 50 percent speed, static pressure variation, velocity 
fluctuations, and vibratory stresses were small. 

As flow was reduced at a given speed, rotor and stator vibratory stresses increased simulta- 
neously, so that it was not clear which blade row stalled first. 

B. Performance Test Results 
1. Overall Performance 

Overall performance of the rotor and stage with and without stator hub-slit-suction 
is presented in Figures 9 and 10. The stall line was established by extrapolating 
the characteristic speed lines to measured stall airflows, shown as slashed symbols 
on the figures. Stall flows are tabulated in Table 3. A maximum stage efficiency of 
82.7 percent was achieved at design speed with slit suction at a pressure ratio of 
1.871 and a corrected weight flow of 1 79.6 lb/sec. This efficiency drops to 82.2 
percent when it is adjusted for the work done by the rotor on the hub-slit-suction 
flow. The same peak efficiency was recorded without slit suction. Efficiencies 
which have been adjusted to account for suction flow are shown in the upper 
efficiency scale in Figure 9. Rotor efficiency for the same data point with slit 
suction is 87.6 percent at a pressure ratio of 1.935. This rotor efficiency is 1.5 
percentage, points lower than the maximum rotor efficiency obtained at design . 
speed in the test of Reference 1 . The difference may be attributed to any or all of 
the five changes in apparatus between this test and that of Reference 1 ; i.e. (1) 
increased rotor tip clearance, (2) decreased rotor inlet annulus area due to rotor 
tip fill, (3) the restaggered stator, (4) blended out nicks in slightly damaged rotor 
blades (Figure 3), and (5) upstream effects of stator hub slit suction. 
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TABLE 3 


SUMMARY OF STALL WEIGHT FLOWS 

Percent With Stator 

Design Speed Hub-Slit-Suction 


50 

74.2 

70 

109.8 

85 

138.8 

90 

150.2 

95 

161.3 

100 

173.3 


Maximum adjusted stage efficiency with stator hub-slit-suction was 85.8 percent 
and occurred at 50 percent of design speed. For 70, 85, 90,and 95 percent design 
speed the maximum adjusted stage efficiency was approximately 84.5 percent. 

A net adjusted stage efficiency benefit of 1.5 percent was obtained with hub-slit- 
suction at 70 percent speed for tire maximum flow condition, but no effect was 
seen at other speeds. 

The lower pressure ratio seen near stall at design speed without stator hub-slit- 
suction (Figure 9) is probably due to blockage effects caused by stator leading edge 
transverse probes. These probes were not traversed during hub-slit-suction tests 
except for the boundary layer points. Evidence of traverse probe blockage at 
design speed is shown in Figure 1 1 . Spanwise profiles of pressure ratio for two 
points with slit suction and no stator leading edge probes are compared to two 
points with stator leading edge probes, one with slit suction and one without slit 
suction. Spanwise pressure ratios agree well for the two points which include 
stator leading edge probe traverses except at the root where slit suction improve- 
ment is expected. These same points show a lower pressure in the tip region when 
compared to the points without stator leading edge probe traverses. This probe 
blockage effect on pressure ratio was not seen at 70 percent speed, where the stator 
inlet Mach number did not exceed 0.76. 


Overall stator recovery (P u /P 10 ) listed for points with and without slit suction in 
P /P 

Appendices 3 and 4 as 0 ■ gives a direct measure of the effect of stator hub-slit- 
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suction. Slit suction increased stator recovery for the peak efficiency point at 
design speed from .968 to .974. It must be remembered that this recovery in- 
crease with suction is gained at the expense of approximately a half percent in 
stage efficiency to account for the work done on the bleed flow. 



Rotor performance for this test differed considerably from that achieved in the 
test of Reference 1. Maximum efficiency at design speed was 1.5 percentage 
points lower for this test as mentioned previously while pressure ratio was 
generally lower except near stall. At lower speeds, pressure ratios were slightly 
higher for this test at higher flows although near stall values were the same. Effi- 
ciency values were 0 to 5 percentage points higher at lower speeds for this test. 
Gains were largest at maximum flow points with no significant change near stall. 
Part of the difference may be due to measured wake rake total pressure readings 
which showed one rake consistently higher than the other although no reason 
could be found to dispute the data. 

2. Blade Element Performance 

Blade element total pressure loss coefficient, diffusion factor, and deviation versus 
incidence angle are presented for both rotor and stator in Figures 12 and 13 for 
the performance test with slit suction. These data are tabulated in Appendix 3. 
Although overall performance benefits obtained by the addition of stator hub- 
slit-suction were small, suction did reduce losses at 5, 10, and 15 percent of span 
from the hub for both 70 and 100 percent speeds. Figure 14 presents plots of 
stator blade element diffusion factor and total pressure loss coefficient versus 
incidence angle at these three spans for test points with and without slit suction. 

At 5 percent span from the hub, slit suction reduced the losses over the entire 
incidence range for 70 and 100 percent design speed. At 70 percent design speed 
the losses were reduced approximately 23 percent at the near stall incidence 
angle and 50 percent at the maximum flow incidence angle. At 100 percent de- 
sign speed the losses were reduced approximately 18 percent at the near stall 
incidence angle and 29 percent at the maximum flow incidence angle. This effect 
diminishes outward from the hub until the effects are insignificant outboard of 
1 5 percent span from the hub. Complete blade-element performance data for 
points without stator hub-slit-suction are tabulated in Appendix 4. 

Gapwise distributions of stator exit total pressure, temperature, and adiabatic ef- 
ficiency clearly show a narrower and shallower wake with slit suction. Figure 1 5 
presents distribution at 5 percent span from the hub for open throttle and near stall 
data points at 70 percent speed showing that the effect of suction is much stronger 
at the maximum flow condition than at the near stall point. At design speed 
(Figure 16) the effect is of the same magnitude as at 70 percent speed near stall 
regardless of throttle setting. Slit suction effects on the total pressure and tempera- 
ture wake distributions disappear above 1 5 percent of span from the hub. The in- 
crease in temperature in the wake region without suction may be caused by a re- 
distribution of flow through the stator as a result of higher stator hub losses 
causing the stator to operate at a higher inlet pressure in the hub region. This 
would back pressure the rotor hub causing an increase in energy at the rotor hub. 
Another explanation is that enough high temperature air is being bled through the 
stator slits with suction to cause a lower temperature reading at the hub. The 
temperature ratio of the flow in the suction slit plenum is approximately .01 
higher than the temperature ratio at 5 percent span from the hub at design speed. 
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This is the magnitude of the change seen in gapwise pressure profiles between 
suction and non-suction data points. 

Rotor performance was calculated using stator-exit free-stream total pressure ob- 
tained from Hie peak wake rake reading at each radial location. Design speed data 
were also reduced using the stator-exit free-stream efficiency method, as discussed 
in Reference 1, to determine rotor performance. Figure 17 shows the rotor over- 
all efficiency comparison for the two methods at design speed and shows the 
spanwise efficiency distribution for the peak efficiency point at design speed. 
Blade-element performance of the.rotor and stator at design speed, using the free- 
stream efficiency method is given in Table 7, Appendix 3. The free-stream efficiency 
method gave lower rotor hub efficiencies which resulted in slightly lower overall rotor 
efficiency for the same stage efficiency. 

Contour Plots of Stator Exit Traverse Data 

Tangential traverses were made at the stator exit for part throttle, maximum ef- 
ficiency, and near stall points at design speed and at near stall for 90 percent speed 
with stator hub-slit-suction. Measurements of total and static pressure, total 
temperature, and absolute air angle were obtained at 4.3, 5.8, 7.0, 9.7, 12.2, 15, 30, 
50, 74, 90, 94, 97, 98, and 99.5 percentages of passage height from the hub. A 
fifteenth radial position was intended closer to the inner case but was not obtained 
due to an incorrect probe- depth setting.- Tangential spacing gave 15 readings across 
a stator gap at 90 percent span and 1 1 readings at 4.3 percent span. These measure- 
ments were used to calculate velocity vectors, and to construct contour plots 
showing patterns of P/P^^, T/T jniet , airflow angle, and V m A/97 at the stator-exit 
instrumentation plane. These contours are shown in Figures 18 through 22. 

a. Total Pressure Ratio 

Low pressure areas in the vicinity of the stator hub suction surface no longer 
exist as they did in Reference 5, possibly as a result of slit suction. Low- 
pressure areas in the tip region are still present. 

Areas of strong gapwise gradients exist near both walls. Figure 18, and progress 
toward midspan as back-pressure is increased. At midspan the wake width 
increases slightly and the pressure gradient in the wake region becomes 
stronger with increased back-pressure. High pressure regions near the inter- 
section of the stator pressure surface and the hub wall may be due to rotor 
wake flow migration to the stator pressure surface, as explained in Reference 
6. Rotor work changes, due to locally high back-pressure ahead of the stator, 
may also cause gapwise total pressure variations in addition to stator losses. 

b. Total Temperature Ratio 

Total temperature plots (Figure 1 9) show endwall gradients similar to the 
total pressure plots, indicating that rotor-wake separation or rotoi back- 
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pressure patterns cause gapwise variations in both parameters. Both hub and 
tip endwall regions have a .03 to .04 drop in temperature ratio from the stator 
pressure to suction surface at design speed regardless of back-pressure. Matching 
total pressure and temperature profiles led to the free stream efficiency 
method for calculating stator-inlet average total pressure, Reference 1 . No 
consistent temperature- pattern is seen at midspan but gapwise gradients tend 
to occur in the wake region. 

c. Air-Flow Angle 

Gapwise variations in air-flow angle were measured in the wake region at all 
spans (Figure 20). Studies have shown that the small (±10 degrees) angle 
variations indicated by the probe at midspan and hub can be attributed 
primarily to the large total pressure gradients in the wake region because side- 
hole pressures on a wedge probe tend to turn it in the direction of the higher 
total pressure. Steeper angle variations in the tip endwall region indicate a 
vortex formation downstream of the intersection of the wall and stator blade. 

d. Static Pressure Ratio 

Gapwise gradients of static pressure were weak (Figure 21) although showing 
a wake pattern similar to the total pressure wake. Measured static rise across 
the wake is probably all due to the total pressure gradient forcing the probe 
to yaw and measure part of the velocity head with the side holes. Pressure 
increased with radius probably as a result of streamline curvature as the up- 
stream hub convergence blends into a constant diameter wall. 

e. Meridional Velocity 

Meridional velocity contours (Figure 22) follow the patterns of the total 
pressure contours because static pressure variations are relatively small, and 
air angle does not vary enough to have a significant effect. Increasing back- 
pressure enlarges the comer stall region near the tip but does not appear to 
thicken the wall boundary layer. 
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V. REMARKS 


Stator hub-slit-suction caused a reduction in hub losses for this test out to 15 percent span 
from the hub, maximum effect occurring at 5 percent span from the hub. These local 
benefits were not enough to influence the total stator losses appreciably so that overall stage 
efficiency benefits were slight. No adjusted efficiency benefit was seen at design speed, while 
the maximum benefit was 1.5 percentage points at 70 percent speed, maximum flow condi- 
tions. Similar loss reductions were seen during the test of Reference 3 with slit suction al- 
though the influence reached to 30 percent span from the hub. Stator hub recovery had 
more effect on the efficiency of the compressor in the test of Reference 3 than in this test 
so that the overall benefit was about 1.5 percent in unadjusted stage efficiency at design 
speed. 

No stall line improvement was seen with slit suction in this test where results from hot film 
probes and strain gauges were inconclusive as to which blade now stalled first. It is believed 
that the stage stall is initiated by rotor stall even though the stator was restaggered four 
degrees open (4 degree increase in stator incidence angle). 

The results of this test and those of References 3 and 7 show that hub-slit-suction effects 
are local and only benefit overall performance when the stator hub has very high losses. 

These local effects may be quite significant, however, in high bypass ratio engines where 
most of the flow into the engine comes from the high loss fan hub region. 
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Figure 2 Boundary Layer Suction Slits at Stator Hub (XPN-16602) 
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Figure 3 Assembled MCA Rotor (XPN 16597) 



Figure 4 Schematic of Compressor Test Facility 
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Figure 6 Axial Station Number Designation and Location of Instrumentation 
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Figure 8 Oscillograph Trace of Typical Surge Cycle 
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Figure 1 2a Rotor Blade Element Performance With Stator Hub Slit Suction, 5 Percent 
Span From Hub 
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Figure 12b 
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Rotor Blade Element Performance With Stator Hub Slit Suction, 10 Percent 
Span From Hub 
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Figure 12d Rotor Blade Element Performance With Stator Hub Slit Suction, 30 Percent 
Span From Hub 
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Figure 12e Rotor Blade Element Performance With Stator Hub Slit Suction, 50 Percent 
Span From Hub 
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Rotor Blade Element Performance With Stator Hub Slit Suction, 70 Percent 
Span From Hub 
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Figure 12g Rotor Blade Element Performance With Stator Hub Slit Suction, 85 Percent 
Span From Hub 
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INCIDENCE ANGLE, SUCTION SURFACE, Ig, DEGREES 

Figure 12h Rotor Blade Element Performance With Stator Hub, Slit Suction, 90 Percent 
Span From Hub 
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LOSS COEFFICIENT, to DIFFUSION FACTOR, D DEVIATION ANGLE, 5°, DEGREES 
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Figure 12i Rotor Blade Element Performance With Stator Hub Slit Suction, 95 Percent 

Span From Hub 
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Figure 13a Stator Blade Element Performance With Stator Hub Slit Suction, 5 Percent 
Span From Hub 
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Figure 13b Stator Blade Element Performance With Stator Hub Slit Suction, 10 Percent 
Span From Hub 
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Figure 1 3c Stator Blade Element Performance With Stator Hub Slit Suction, 15 Percent 

Span From Hub 
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Figure 13d Stator Blade Element Performance With Stator Hub Slit Suction, 30 Percent 

Span From Hub 
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Figure I3e Stator Blade Element Performance With Stator Hub Slit Suction, 50 Percent 
Span From Hub 
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Figure 1 3f Stator Blade Element Performance With Stator Hub Slit Suction, 70 Percent 
Span From Hub 
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Figure 13h Stator Blade Element Performance With Stator Hub Slit Suction, 90 Percent 
Span From Hub 
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Figure 1 3i Stator Blade Element Performance With Stator Hub Slit Suction, 95 Percent 

Span From Hub 
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LOSS COEFFICIENT, CO DIFFUSION FACTOR, D DEVIATION ANGLE, 6°, DEG. 





INCIDENCE ANGLE, SUCTION SURFACE, i s , DEGREES 

Figure 14a Effects of Stator Hub Slit Suction, 5 Percent Span from the Hub - 
Stator Blade Element Performance 
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Figure 1 5a Effects of Stator Hub Slit Suction on Gapwise Distributions of Total Pressure 
Temperature, and Efficiency, 5% Span, 70% Speed, Maximum Flow 
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Figure 1 6b Effects of Stator Hub Slit Suction on Gapwise Distributions of Total Pressure 
Temperature, and Efficiency, 5% Span, Design Speed, Near Stall 
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Figure 17 Efficiency Comparison of Free-Stream Total Pressure versus Free-Stream 
Efficiency Calculation Methods 
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Figure 1 8b Total Pressure 
Flow Rate 
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Figure 19b Total Temperature Ratio (T^/Tq), 100 Percent Speed, 1 80.7 Pounds Per 
Second Flow Rate 
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Figure 19c Total Temperature Ratio (T^/Tq), 100 Percent Speed, 175.0 Pounds Per 
Second Flow Rate 
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Absolute Air Angle, Degrees (90 - ^ 23 ), 90 Percent Speed, 153.96 Pounds Per 
Second Flow Rate 
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Figure 21a Static Pressure Ratio (P^/PqX 100 Percent Speed, 181 .5 Pounds Per Second 
Flow Rate 
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Figure 22b Meridional Velocity, Ft/Sec (V m j g), 100 Percent Speed, 180.7 Pounds Per 

Second Flow Rate 
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Figure 22c Meridional Velocity, Ft/Sec (V m 13 ), 100 Percent Speed, 1 75.0 Pounds Per 
Second Flow Rate 
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Figure 22d Meridional Velocity, Ft/Sec (V m J3), 90 Percent Speed, 1 53.96 Pounds Per 

Second Flow Rate 
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APPENDIX 1 


PERFORMANCE PARAMETERS 


a) Relative total temperature 
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b) Incidence angle based on mean camber line 
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f) Loss parameter 

_ t 

co cos 0 9 
2(t 

co cos @ 11 
2<t 


(stator) 


g) Polytropic efficiency 



h) 


Adiabatic efficiency 



(rotor) 


(stator) 


(rotor) 


(stage) 


70 



71 ad = 
adjusted 



7-1 

7 

-1 


W 


12 


l 

i — 1 
to 

2! l 

+ W,„ 

fT 

16 -i 

L T o - 

16 

- T 0 J 


(stage) 


) Wake blockage factor 

n 

E 


K = 


PAY 


n 


P AY 


avg 


where n is number of tangential traverse 
points equally spaced across a stator 
gap and PAY aV g is calculated from mass 
flow averaged values of P, p, and T at 
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SYMBOLS ' 

- area, ft 2 

- annulus area, ft 2 

- frontal area, ft 2 

- chord length, in 

- diffusion factor 

- conversion factor, 32. 17 lb m ft/lb sec 2 

- incidence angle, angle between inlet air direction and line tangent 
to blade mean camber line at leading edge, degrees (labelled INCM, 
Table 4) 

- incidence angle, angle between inlet air direction and line tangent to 
blade suction surface at leading edge, degrees (labelled INCS, Table 4) 

- Mach number 

- mass average in radial directions (Tables 15 and 16) 

- rotor speed, rpm (N/^ 8 labelled NCOR, Table 4) 

- total pressure, psfa 

- static pressure, psfa 

- radius, ft 

- gas constant for air, ft lb/lb m °R 

- blade spacing, in 

- total temperature, °R 

- static temperature, °R 

- thickness-to-chord ratio 
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~ U - rotor speed, ft/sec 

V - air velocity, ft/ sec 

2 2 l /2 

Vm - meridional velocity (Vr + Vz ) , ft/sec (labelled "VM, Table 4) 

W - weight flow, Ibs/sec 

j3 - absolute air angle, cot 1 (Vm/V e ), degrees (labelled B, Table 4) 

0' - relative air angle, cot _J - (Vm/V 0 ), degrees (labelled B', Table 4) 

y - ratio of specific heats for air, 1 . 4 

A/3 - air turning angle, degrees 

A/3* - camber angle, degrees 

5 - ratio of inlet total pressure to standard pressure of 2116. 22 lbs/ft 2 

5° - deviation angle, angle between exit air direction and tangent to blade 

mean camber line at trailing edge, degrees 

e - angle between tangent to streamline projected on meridional plane 

and axial direction, degrees 

17 - efficiency, % 

6 - ratio of inlet total temperature to standard temperature of 518. 6 °R 

p - mass density, lbs-sec 2 /ft 4 

<j - solidity, ratio of chord to spacing 

w - total pressure loss coefficient (labelled OMEGA - B, Table 4) 

« - angular velocity of rotor, radians/sec 

Superscripts: 

' - relative to moving blades 

* - designates blade metal angle 
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Subscripts: 


ad 

P 

r 

m 

sh 

ss 

z 

9 

0 

7 

8 

9 

10 
11 
12 


- adiabatie 

- polytropic or profile 

- radial direction 

- meridional direction (in z-r plane) 

- shock 

- suction surface 

- axial direction 

- tangential direction (labelled O, Table 4) 

- plenum chamber 

- instrument plane upstream of rotor 

- station at rotor leading edge ' 

- station at rotor trailing edge 

- station at stator leading edge 

- station at stator trailing edge 

- instrument plane downstream of stator 



APPENDIX 3 

BLADE-ELEMENT AND OVERALL PERFORMANCE WITH 
STATOR HUB SLIT SUCTION 



TABLE 4 
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TABLE 5 

BLADE-ELEMENT AND OVERALL PERFORMANCE DESIGN DATA 
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TABLE 6.1 

BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION, 1 00 PERCENT OF DESIGN SPEED, POINTS 1-8 
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SUCTION, 100 PERCENT OF DESIGN SPEED, POINTS 1-8 
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BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION, 100 PERCENT OF DESIGN SPEED, POINTS 1-8 
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-1736 1757 3-.-35 47-,"j3 ~ 53.86- “7 0'(j47 73330 ;o lJ ld — *02 3 0 — *D2l 8 — :96l7 — TO'000 — V0Q0O — 77727 — 79085 — r769{j — i 7662-172624— 

“1.21 1,74 7.p2 47,20 52,52 *00^0 .3347 »q 675 *0i 7 5 *0182 .9752 *0000 *0000 * 8 l5o .8762 .7436 .7730 i«268i 

-1.44" - i;56 6. 7l ~ 45.55 - 50.67 ,0055 .3423 — -,045 o »0l25 "" *01 10 -.9840 .0000 ‘.0000 .8611 “*»6i7(jr ' .6937" '.8£09 “1 ;2870— 

“1,68 1.46 9,93 4l» lO 49.59 .0065 .3485 .0533 *01 8 2 «0l43 .9622 *0000 *0000 *S616 «779i .66(04 .8973 1.3104 

“3*27" '“»"o3 - 8.06 '41794 - 49. 67 " ,0'o20-“ ,3956"" "»o5i2" "•"•(.l67‘ 70161 .9851 ""- •oqOu' "*0000~ • 89 0l’'"’* 7 i54 ".5660 • 9877"! .3666"" 

1*27 1«7q 13.09 4o»43 52,11 »0023 *4433 *1049 *0364 #0356 .9699 *0000 *0000 .7468 .7n87 .5465 l«01i)9 1,3670 

' 3T5E 37L3 1SV9T- ■ 4 0T8 S— 53773 — 70331 — 74392 — 1q 937 — TJ33f — 70320 79742 — rjfoO'O — r 0'GoO“ T7833 “ t,9 r? rf258-TOnn6-r735ar- 

?._76 4.3S___l7»65 42*68^56,06 *0630 _«5o52 ^ ’_i2l5 _ *0436 «p425 _*9o6i _*0000 '0000 *7632 *6 7 20 .4874 .9979 1.3537 


. NfORR WCORR TO/TO PO/PO EFF~AD EFF-P VIcl/ A l 
“TlXET" -- ItCET" 'INlCT I Ml^T InL e T - “ItllJET C”M/SEC 
PPM I.bM/SEC % % SOFT 

1X059, — iarr47~ l ';' 2 p 83 - X. 7 3 58— -8176^3-704— 40 . ?6. 


^BLEED BIT - AD 
"TOTAL ADJ. 


PO/PO 

•■"local - 

J — 7980-(r 


'■.‘00391 si ’.68 



TABLE 6.4 

BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION, 100 PERCENT OF DESIGN SPEED, POINTS 1-8 


Rotor 


% SPAN 
S 

10 

IS 

30 

SO 

70 

8S 

90 

95 


DIA-1 DlA-2 V-l V-2 VM-1 VM“2 V0“1 V0“2 b “1 ' B-2 B'-l B«-2 V’-i V*“2 VO'-i' V0*“2 U“1 ' IJ-2 

IN FT/SEc-Fr/SEC - FT/SET c^FT/Sec" FT/SEc FT/SEc T)E e REE'D'EGREE' DEGREE'tfE<3REE FT/sec'FT/Sec FT/SEc FT/Sec" FT/SEc“FT/SEc" 


17.467 19.769 596.6 l(U8,5 596,6 69i,'e 


18.4D7 1 2o»4()S 6iq.9 979 73 610.9 53X73 

l9.4o7 21, ,47 624.0 933.3 629.© 654.3 

" 22.3T4 - " 22 ,964 65i'i6 844.3 65i .6 597,6 “ 

25.79i 25»52o 665,3 825, q 665.3 6q2,0 

'28V954 2a.'i76”' 653.9 "742X1— 053,9 -554, 2 " 
31.295 29.993 634,3 724 .'o 634.3 5i9.6 

“ 31"7C33~3‘f7g'3o 62973 — r 0 5r4—629V3— 48170“ 

’ 32.499 31*271 625.3 60l, 0 625.3 44o*6 


*0 747,5 .op 47.21 54.76 16.76 1034. Q 722*7 -644.5 “2ft s *3 844.5- 955.8 

To 7o375 Too — 4 ST9Z — 55T52 — 2'2'.”37Tc;8JT3 — 73 872^89279“- ;S$3T2 — 692.9--- 93897“ 

. o 665.5 *00 45.4 s 56.46 2 S *2 S 1129.3 744*1 “94 i«2 “352*1 94i . 2 ioij^.6 

"«0~ 596.4" ‘“.orf 44.94 53.86" "4ft *69 126ft. 4 ‘ 708*2“ift78.9 “Si 3.9 “1778.9 nin.3 

<0 564. 1 .00 43. j4 6l«9i 48. 0 3 l4i3.4 9 00 .a-!24?,Q “689.6 1247. o 1233.9 

.0 " 493.6” ,00' 41 ,6g"' 64 ,'<}5 5 7 ,27 1545;2'"102&*8“1399.9 "“863.9“13<39.9 1357^4 

*0 s 04»l «00 44. i4 67.25 61. 23 l64fl*7 1 o“9.4“i5i 3.1 -y46.i i5i3.1 l45o*l 

To 51576 75o — 4775T- -37 7r9— 63752-1665. "8T078-. 3“lS4r;S" _ 965rr-lS4X7ST;il8U7V- 

»0 5l9»i ,00 49.69 66,30 66 . q 6 l69l»l lo s 6.4“i57i .3 -992*9 l57i»3 i5ll*9 


,0 493.6" 

«0 So4»i 
T* tT~51576" 
•0 5i9»i 


. 1HC5 IMCM OEV TURN CAMBER OMEGA-0 D-FAC OHEGA-B LOSS-P L0S5-P PO2/ EFF-P EFF-AD t'FF-P M-i M - 2 M'-i M 

D'E6PEE”oE(5REE" DEGREE" DEGREE DEGREE SHOqK TOTAL” PROFILE "P01 ' TOTaL-TOTAL' -STATIC' 

~.t>l 5.Q2 16,59 30.00 48,82 .0116 .4690 “.0012 “»0o02 -.0027 2.05ui .9987 .9986 .9994 .5529 .8850 .9625 ,6279 

=7 39 6T-T3 T6“.SI — 33i(j8 — 431 55 — .0145 — 74743— otf52 — ’•b'61Y~~*'0'(>2<r'2 198 — :995(f — s9904 — .9932 — . 5o35 — r8485-r.“iTl’4T — 76396- 

“. 2 5.7l 15.81 28»l9 38*08 , 0 i9i .4883 .0353 *Oo 7 5 .0034 1.9551 .9739 .9?i4 .9638 .5812 ,8q55 1,0*11 .6421 

“ l*",i2" 4.96““ 1 0 ".92 '"l8,i7 "24 , i 2 * .o4l3"”- .5 q4o — .0 9 16~'ioi s 7" *0101" i* s 6oo— .9i98 * .9128— . 9^62 ”“.6o7l— .721? Iil84ft-— :67JO- 

f>»39 4.97 5.7l i3.88 i4.64 .£>774 .4«37 .H 06 *0226 *0066 1.8729 .889! *679i .8772 .6181 .7o 0 2 i*32l 7 .7646 

3; 5 O' 5^30 6.76 — 7;6g— 9X14“ ;j0a2” ,'441-p ,"125g — 70230" "T0031 ' 1.7 6 64-- Ta3U ;'g3g7“ --,g476-“ ,&o5<?-— 6265 174302— 78*67- 

3*89 5.14 7.q 4 6,o3 7.94 .1320 *45i 0 .1874 *Cr327 .00 s9 l* 7 7 0 s *7745 .7557 ,77oi .588i .6348 i.5i52 .9 qi7 

j79S 5~."7& 8130 TX 2 7 77S8 1 .T64X 72202 ^i 7 ^ >oVi n "T’~ 7 ^ 7 0 "7lf I7j84 -.582? 15S56'”i V5338 789E5 - 

I s §.oo_ 10XQ 7 2 *24 7 .31 *l4 9 8 .47 £ ,7_ *257£ *0,59 3 _ *Ql67 1* 7 2 s j, *6 9 4^ *6698 .6966 .5737 .5624 l»56 i6 . 8972 


TO/TO PO/PO EFF-AO EFF-P 
"INlET"" 1|CET“ I t j L ET“- IH lET" 

"TX2232 1,0542 — gIxS7^7x4cr 


% SPAN 
S 

10 

IS 

30 

SO 

70 

ss 

90 

95 


DIA-1 OIA-2 V— 1 V“2 VM“1 . VM“2 V0“1 V0“2 S ~1 B“2 B'-l B*-2 V’-l V*-2 V0’“i . V0'“2 U”1 U“2 

111 JR FT/SEF"FT/SE'rTT/EEc“FT/SEc“FT/SEc' FT/SEc "DEGREE "DE 6R tE"bEGREE"bEGnEE' FT/sE C _ FT/Sec" FT/Sec FT/Sec'FT/SEc F^Ec 

20.4 9 21.409 1569.0 357,9 737, 6 054X7 724.0 -74.2 42. 5g -4. 96 l 0 .45' 52. 4 S S 3o,4 l4o3.5 -262.7-1113.2 g fl 6. 0 .loSg.O 

Trro "-"8'"2"iT96i " 10327 4 — 8'iETi 7T4T4— offV7 — ESSTT^XJiTi — 4374 ^ — =77X2 — 237 Z? — 557q 8 — 843.3 i4i7T4— *3J3. ;“li6Z.9, lolS*?T a '6]T8- 


21.569' 22.432 99q.7 789«0 746,8 78 0 ,'9 640,6 - 

23,31i} 23,902 911.8 7**7,7 697,3 ?3l,2 s s 7,4 


112*5 4o,9g “8*20 27» s l 56.88 847,5 i42?.4 -39S.2“ll97«o 1 q 43*8 ,i 0 04.6 
-98.1 "46Xll‘“-7.64 " 37;74"" 59.75 801.9 '1401.4 --539.8-1253.8 1127*2 "il55'*6 


" 2979 - 4 — 09 .- 33 — 83IiT 4 — 635i7 — 64o.9— 6J4T9— 327-.Tr— =3r.o — 39748 — -ZToL — 557 Ta — 671 3G-fr 2 oTi - ! 597 . 6--9i aTl-f t,74;3-i 44 6 "•3"“l“44TrS- 
3Q .362 3 0*293 8l7*l _53o^9_ 6l3.6 58 0 , 0 533.6 _~33.7 4 0 .79 _T3.34 56 . §1 ^ 68.84 1121*3 16 ( 56 . 0_-935.2“l498.4 1468.9 14 64.6 

INCS INCH DEV TURN CANB8B OMEGA-B D-FAC OMEGA-U UOSS-P LOSS-P PC2/ EFF-P EFF-AD EFF-P M-i M-2 M'-l w, “2 

o'Esr-EE U egReE "degree 'Degree de^fe sho c k - tot a l- profile” poi - tot a u~“ tot A u ~ static ; “ 

.36 3.20 11.44 47,56 55.09 ,006a .37gj .1306 .0324 ,0307 .9435 .0000 .0000 .7264 .9301 .7g91 .I?7g 1,1920 . 

— 1 ^~ 3 ; o g 8‘. 32 48*51 53.86 — ’ 00&9 — ,39bi — .T 37B“ • C,349— 0331 ;9435 — 7o"000~"0000"— 7 3l4 — *09i / 76946 77365-1720^12^ 


.36 3.20 11.44 47.56 55.09 .006a .37gj .1306 .0324 .0307 .9435 .0000 .0000 .7264 .9301 .7?91 .227g 1,1920 . 

712 -3X3 5 87 32 48>51 53.86 — ’ Oil 69 — .3981 — .1376“ '* 0349— 0331 .-$435 — *"0006"— OOOO — 77314 — '.891/ 76946 77365-1720^12^ 

• 57 3»5j 6.81 49 *a 9 52*50 »00 7S *401 7 *1116 *02 89 *0269 *957 i .qaoo *0000 _ * 7 °63 _«8562 *6689 .7330 l*_2il7_ 

1.66 4,67 7.57 47*76 50,66 "*011 s “ *4"00i" *ft5n3 *0i4ft *010 7 *9832 .flOO® *0oOO *8736 *7857 .6229 .7645 1*2256 

,>A ^ . . . A >. t ^ A . M I. . _ . “ 0,4 7 .1 rtwrtn T . , . . A ■ . A / nfl I* i Ji . fi 4 Aft A* 

*01°^ * 


5.03 11*19 43,46 49.58 


0136 .9798 


.6140 .8399 1.262Q 


Vt>9 3."93 "8.84 45»(j4" 49.88 "'.ftlfla "44476“ .0565 *ftl s 4" *01 s O " .9030 “Voqoj *0000 ’♦® s l3" " *7 i 3? ".5536 .9286 1.33ft5 
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TABLE 6.5 

BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION, 100 PERCENT OF DESIGN SPEED, POINTS 1-8 


Rotor 

% SPAN 

. UIA-1 
IN 

DIA-2 V-l"' V-2 VM-1 " VM-2 VO-1'"' VO-2 “ B-l"' B-2 B'-l R'-2‘ 

IN FT/RFC FT /RFC FT/SEC FT/SEC FT/SEC FT/SEC DEGREE DEGREE DEGREE DEGREE 1 

V’-'l V'-2 VO'-l VO '-2 U-l U-2 

-T/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC 

5 

17.967 

19.7o9 

592.3 

1003.3 

5°2.3 

653.0 

,0 

761 .7 

.00 

49.39 

54.92 

16.46 

1030.6 

681.1 -843.4 

-192.9 

843.4 

964.6 

10 

’ 16.467 

20.400 

606 .J 

...969,9. 

606.3., 

_651 . 1 

,0 

718.9 

.00 

47.83 

55.78 

22.27 

1078.3 

703.9 -891.7 

-266,6 

891.7 

985.4 

1 5 

19.967 

21.047 

619.3 

924.5 

619.3 

622,2 

.0 

683.7 

.00 

47.70 

56.62 

28.11 

1125.7 

706.4 -940.0 

-332.6 

940.0 

1016.3 


22.314 

22.969 

646.2 

-840.2., 

646,2 

__567,1_ 

, 0 . 

620.0 

.00 

47.55 

69.03 

40.76 

1256.5 

748.9-1077.5 

-488.9 

1077.5 

1108.9 

o u 

c n 

25.791 

25.620 

661.2 

620.6 

661. 2 

566.6 

.0 

593.5 

.00 

46.53 

62.03 

48.42 

1410.1 

853.9-1245.4 

-638.7 

1245.4 

' 1232/3 " 

J u 
*i n 

28.954 20.076 

653.8 768.6 

663.8 

547 ,5. 

.0 

539.4 

.00 

44. 57 

64.92 

66. 10 

1543.6 

983.3-1398.1 

-816.3 

1398.1 

. 1355.7 

/U 

oc 

31 ,2°6 

29.993 

635.3 

767.2 

655.8 

618~,8 

• 0 

551 . _ 4 

.00 

”46 . 74 

”67'. 18" 

"59.95 

“1639,5" 

1036. 1—151 1.1 

'-896.8 

"1511. 1" 

"1446.3 

OJ 

31.803 

30,63IJ 

630.6 

739,1 

630.6 

478,9 

.0 

562.6 

.00 

49.62 

67.73 

62.41 

1663.7 

1034.3-1539.5 

-916.4 

1539.5 

1479.0 

vO 

95 

3?. 99° 

31.2.7) 

■”626.0 

714,0 

626.0 

436.2 

.0 

566.2" 

.00 

' 52.36 

60.25 

65.21 

1689.0 

1040.8-1569.3 

-944.8 

1569.3 

1510. 0 


■" INCS 

INLM 

' DEV 

Turn "camber" omcga-b' 

D-FAC OMEGA-b 

'loss-p 

L0SS-P 

' P02/ 

EFF-P 1 

iFF-AO 

EFF-P M-l 

"M-2 

M*-l 

M * -2 

%SPAN 

DEGPEE DEGREE UEGPEE DEGREE DEGREr SHOCK 


TOTAL PROFILE 

POl TOTAL ' 

TOTAL STATIC 




5 

-.96 

5*98 

16.29 

30.46 

48.82 

.0118 

.6117 

-.0027 

-.0006 

-.0031 

2.0831 

.9996 

.9996 

1.0006 .5483 

.8681 

.9578 

T5£'93~ 

1 0 


6,20 

16.20 

35.52 

43.64 

.0147 

.6034 

-.0100 

-.0021 

- » 0053 

2.0548 

1.0042 

1.0047 

1.0074 ,5634 

.8374 

1.0082 

.6077 


'.12 

' '5.92' 

15.66' 

'■ 26.52' 

38.09 

".0192" 

.6241" 

” .0243 

.0052 

.0010 

'1.9976' 

.9820' 

” .9801 

.9757 ' .5758 

” .7948 

1.0545 

““.6073“ 

4 J 

1.16 

5* il> 

H . OS 

18.28 

24 . 18 

.0411 

.5388 

.0812 

',0166 

.00811 

1.9158 

.9315 

.9250 

.9205 .6010 

.7153 

1.1753 

.6376 

o u 

2.43 

5.05 

6.06' 

15.61 

14,62 

'.0769 

.5222 

" '.'1084 

'.0220 

,0065 

1.9379' 

.8963 

. 880 I 

.8863 .6141 

.6926 

1.3121 

' .7207' 

j u 

7(1 

3.42 

5.26 

6.59 

0.82 

9.16 

.1073 

.4794 

.1172 

.0221 

.0019 

1.9029 

.8721 

,8600 

.8664 ,6067 

.6450 

1.4317 

.8252 

o c 

3.81 

5. of 

5.72 

7 .23 

7.90 

.13'io' 

.9873 

.1749 

.Oil 7 

”.0084 

‘1790 40 ' 

'78061 

“‘.7078 

'.798o' .'5901" 

.6280" 

1.5119 .8604 

o5 

■ _ 3.91 

5.00 

7.24 

5.31 

7 . 56_ 

.1381 

.5006 

.2152 

__.0368_ 

.0134 

1.8844 

,7646 

.7428 

.7585 .5843 

.6100 

1.5362 

.8535 

90 

9S 

4.03 

"9.95 

9.21 

”“3.04” 

"7 . 3 C~ 

""" I486 

.5o'73~ 

"".'2449" 

,0366 

”.0155 

1.8687' 

' .7316 

.7073 

" ‘.7298 " .5796 

”.5662 

1.5596" 

.8544 


TO/ TO PO/PO" EFF-AD EFF-P 
INLET INLET INLET INLET 
% % 

1,2367. .l t 9350„.87^60_8n.71 


Stator 


%SPAN 

5 

10 

is 

.10 

so 

70 

85 

90 

9S 


% SPAN 
5 

10 

15 

30 

50 

70 

35 

90 

8, 93 


UIA-1 
in ; 

UIA-2 V-1' " v-2 VM-1 ' VM-2 VO-l “ VO-2'"'" B-l" "B-2 B’-i B’-2 ' "V'-l V’-2"' VO’-l" V0'-2'~ U-l U-2" 

IN FT/RE C FT/SEC FT/SEC FT/SEc FT/SEC FT/SEC DEGREE DEGREE DEGREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC 

20.409 

21.489 

1046.6 777.5 

742.4 

775.2 

737.8 

-68.6 

44.82 

-4.32 

18.45 

54.73 

702.8 

1342.6 -247.7-1096.2 

985.5 

103/. 6 

21.000 

£1.961 

1014,3 739,4 

736.3 

732.5 

697,6 

-98.7 

43.45 

-7.71 

23.28 

57.70 

801.9 

1371.5 -316.8-1159.2 

1014.4 

1060.4 

21. "58 9 

22.432 

'973.l' 715.5” 

”709.0" 

703.9 

666.4 

-116.7 

43.22 

-9.41 

27.93 

59.60 

'803,3' 

"1391,2 -376,1-1199,9 

1042.5 

1003.2' 

23.314 

23.902 

896,7 677. 4_ 

659,5 

672.0 

610.6 

-85.4 

42.60 

-7.24 

37.99 

61.54 

836.9 

1410.0 -515,2-1239.6 .1125. 8 

1154.2 

25 ■ 60 1" 

26,893' 

89C.2 692.4 

664.8 

689,6 

sy?.o 

-61 . U " 

' 41.69' 

—5 • 12 

44.10 

' 62.27 

"925.7 

1482.3 -644.2-1312.1 

1236.2 

12507 3" 

27.818, 

27,902 

867.5 668.5 

662.4 

653._0_ 

544.4 

-84.6 

_39 ± 41_ 

-7.38 

50.30 

65.48 

1038.0 

1573.9 -798.8-1431.9 

1343.3 

1347.3 

2.9,408 

29.382 

865.3 640.9 

657.4 

638.2 

562, V 

—48 . 4 " 

40.55 

-4.34 

“52.52 

66.49 

1000.5 

"1600 .o'“-857 .5-1467 .2" 

"l 4 2 67 0" 

141*8.8" 

ZV.9J4 

29.056 

„ 856.9 o£4.,.l_ 

_634,0 623,2_ 

676,3 

-33. C 

42,28 

-3.09 

S3 ,8b 

67.10 

1075.1 

1601 . 0 '-868.2-1475.4 

1444.5 

1441.7 

' 30.382 

30.293 

843.2 590.1 

610.7 

588.2 

501.4 

'”-45.9 

43.60 

'-4.49 

55.41 ' 

68.70 

1075.9 

1619,4 -885.7-1508,7 

1467.1 

1462.8“ 

IIICS ' 

INCM ' 

'" DEV ' 'TURN CAMBER OMCGA-B 

D-FAC OMEGA-E 

LOSS-P 

LOSS-P 

P02/ 

EFF-P EFF-AD 

EFF-P M-l M-2 

' M’-l 

M'-2 “ 

OLGPEE DEGREE OEGPCE DEGREE CFGFEE SHOCK 


TOTAL PROFILE 

POl TOTAL TOTAL STATIC 



2.59 

5.51 

12.08 49.14 

55.39 

.0113 

.4422 

,1588 

.0304 

.0366 

.9339 

.0000 

.0000 

.7262 .9053 .6534 

.6820 

171285 

2.23 

5. 16 

7.73 51,16 

53.86 

.0112 

.4631 

. 1772 

,0448 

.0420 

.9290 

.0000 

.0000 
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BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
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BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
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BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION FREE STREAM EFFICIENCY METHOD, 100 PERCENT OF DESIGN 
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TABLE 8.1 

BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION, 95 PERCENT OF DESIGN SPEED, POINTS 1-3 
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TABLE 9.5 

BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION, 90 PERCENT OF DESIGN SPEED, POINTS 1-6 
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TABLE 9.6 
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TABLE 10.1 

BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION, 85 PERCENT OF DESIGN SPEED, POINTS 1-3 
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TABLE 10.2 

BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION, 85 PERCENT OF DESIGN SPEED, POINTS 1-3 

Rotor 
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TABLE 10.3 

BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 


Rotor 





SUCTION, 85 PERCENT OF DESIGN SPEED, 

POINTS 1-3 
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TABLE 11.1 

BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION, 70 PERCENT OF DESIGN SPEED, POINTS 1-5 

Rotor 



OIA-1 OIA-2 

V-l 

V- 2 VH-1 

VM-2 

VO-1 

VO-2 

B-l 

B-2 

B ’ — 1 

0*-2 

V-l 

V’-2 V0*-1 VQ*-2 

U-l U-2 

% SPAN 

IN IN- FT/SCC-FI/SE C— F-T/SEC- E-T/SEC-I 
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5, 

17,467 19.769 

415.6 

795.1 415,6 

603.1 

.0 
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.00 

40.66 
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14.13 
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10 

10.467 20.400 

423.9 
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TABLE 1 1.2 

BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION, 70 PERCENT OF DESIGN SPEED, POINTS 1-5 

Rotor 



DIA-1 

DIA-2 

V-l 

V-2 

VM-1 VM-2 

VO-1 

V0-2 

B-l 

B-2 B’-l 

B'-2 

V 1 -1 

V'-2 V0*-1 V0<-2 U-l 

U-2 

% SPAN 

IN 

IN .'.„F-T/SrC-F.T/SC.C-£X/SEC.-EI/SCC-_FT/SEC_EI/SEC -1 

1EGREE-0EGREE DEGRCE-DEGHEE-ET/SEC.-FT/SEC. FT/SEC FT/SEC..E.T/SEC. F.T/SEC— 

5 

17.467 

19.769 

396,3 

772.9 

396,3 5h2.4 

.0 

52R.8 

.00 

43.24 56,20 

14,11 

712.5 

580.0 -592.1 -141,3 592.1 

670.2 

10 

13.467 

20.408 

404.1 

737.1 

404.1 548.9 

.0 

491.9 

.00 

41.86 57.16 

20.01 

. 745.1 

584.6 -626.0 -199.9 626.0 

691,8. 

IS 

19.467 

21.047 

411,0 

700.4 

411.0 531.3 

.0 

456.3 

.00 

40.64 58.09 

25.80 

777.4 

591.3 -659.9 -257.2 659.9 

713.5 

30 

22.314 

22.964 

424.9 

624,5 

424.9 496.1 

- .0, 

379.3 

.00 

37.40 60.66 

38.80 

867.7 

636.9 -756.5 -399.2 756.5 

778.5 

SO 

25.701 

25.520 

431.0 

574.9 

431.0 479.5 

.0 

317.2 

.00 

33.48 63.75 

48.79 

974.8 

728.3 -874.3 -548.0 874.3 

365.1 

70 

.-23.954. 

-28.076- 

— -425,0- 

—532 .8- 

-425,0 — 456.-7- 

.0 — 274.4. 

.00 

-30.99—66.58. 

-55.98.1069.7 

-817.2- r 981,5—67.7. 4 981.5. 

—951.8. 

33 

31,2915 

29.993 

414.6 

512.1 

41.4.6 433.2 

.0 
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-.00 

32.24 68,65 

59.78 

1139.1 

860.6-1060.9 -743,6 1060.9 

1016.8 

90 

.31.333 

30,630 

-411.8 

- 493.7. 

■4J1.8 - 405.8. 

,0 — 

281.0 

— .00 

34.73 69,14. 

-.61.82 

1156.6 

.859. 4-1080. 8. t757. 4-1080. 8 

1038.4 

9S 

32.499 

31,271 

409.2 

467.0 

409,2 371.1 

.0 

283.3 

.00 

37.39 69.62 

64.46 

1175.3 

861.0-1101.7 -776.7 1101.7 

1060,1 


INCS 

INCN 

OEV 

TURN CAMBER OFEGA-B 

~D-FAc' OMEGA-B 

LOSS-P 

LOSS-P P02/ 

EFF-P "EFF-AD 

EFF-P M-l M-2 ~-l" 

M*-2~" 

% SPAN 

iifrsff nFROFF ninurr ncaDP F nrfif;FF_SNnrk 


TOTAL PROFILE _P01 TOTAL .TOTAL .STATIC. . - 


S 

.87 

7.30 

13,94 

42,09 

48,82 .0005 

.3593 

.0145 

.0031 

,0030 1,4527 

.9901 

.9896 

.9767 .3612 .6852 .6535 

~5148~ 

10 

— .1.25 

- -7.59 

-13.94 

-37,15- 

. 43,54- -.0010 

—.3749 . 

.0316 

... ,OObB 

,0066 1,4255 

-.9771 

- .9759 

. .9516— ..3692 ....6530 - .6875 

. .5179 

IS 

1.65 

7.35 

13.29 

32.29 

38.01 .0016 

.3860 

.0505 

.0109 

.0106 1.3958 

.9593 

.9573 

.9238 .3753 .6193 .7182 

,5229 

30 

2.86 

- 6.78 

9.04. 

-21,87- 

.24.12 0040. 

....3854 .. 

,0675 

.0142 

_,0133 1.3417 

.-.9273 

—.9242 

_. 8926_. 3874.— .5505- .7996 

....5615. 

SO 

4.22 

6.80 

6.48 

14.96 

14.65 .0065 

.3516 

.0597 

.0120 

.0107 1.3106 

.9156 

.9122 

.8900 .3917 .5061 .8922 

.6411 

70 



5*47 10.60 9 .16 .006.4 *3214— 

,0c91 , 0.131 .0119 .1.2814 *8803. 

—.8761 .8561— .3859— ..4683 .97.42 .7183. 

SS 

5.30 

6.55 

5,57 

8.87 

7.92 ..0066 

.3295 

♦ 1167 

.0213 

.0201 1.2662 

.7895 

.7824 

.7571 .3771 ,4482 1.0306 

,7532 

90 

_5.33 

.... 3.42 

.... 6,65. 

7.32- 

—7.57.. -.0073 

...» J448_ 

.1579 

.. .0275 

..0263 1.253b 

—.7211 

—.7121 

... 6904. _. 37.42 _. 4306. 1.0480. 

—.7495 

95 

5.41 

6.33 

8 ,'46 

5,17 

7.31 .0090 

.3562 

.1923 

.0312 

,0297 1.2370 

.6599 

.6496 

.6393 .3717 .4060 1.0646 

.7485 


TO/TO PO/PO EFF-AO EFF-P 

_XNU&t INLEI INLET INLEL 

% ■ 56 

Ll,0936~l*32I2-_68. 55-89. 00- 

Stator 



DIA-1 

DIA-2 

V-l 

V-2 VM-1 

VM-2 

V0-1 

V0-2 

B-l 

B-2 

B'-l 

S' -2 

V-l 

V-2 VO'-l V0*-2 

U-l 

U-2 

% SPAN 

in : 

IN F.T/SEC-F.T/SEC.F.T/SEC_FJ/SEC._FJ:/SEC.£T/SEC.J3EGREE -DECREE, degree .DEGREE .EI/SECJ 

-.T/SEC_F.T/SEC.£J/SEC.£I/SEC . -FJ/SEC __ 

S 

20.409 

21,489 

817,5 

766,3 637,1 

764,0 

512,2 

-60.2 

38,80 

-4.51 

15.75 

45.91 

662.0 

1098.0 -179.6 -788,6 

691,9 

728.5 

ID 

21.008 

21,961 

783,7 

730,6 621.7 

.726.1 

477,0 

-79.7 

37,49 

-6.27 

20,72 

48.62 

665.1 

1098.6 -235.2 -824,1 

712.2 

744.5 

IS 

21.589 

22.432 

749,9 

704.9 604.0 

699.5 

444.3 

-87.3 

36.32 

-7.12 

25,44 

50.47 

669.8 

1099.3 -287.6 -847.7 

731.9 

760.5 

30 

.23.314 

23.902 

680,9 

649.3 ..569,3 

643.3 

373,5 

-87.7 

33.26 

.-7.76 

36,20 

.54.36 

705.8 

1104.7 -416.9 -897.9 

790.4 

. 810,3 

SO 

25.601 

25.093 

638,5 

605,9 554.8 

600.3 

316,0 

-82.2 

29,67 

-OF. 79 

44,83 

57.97 

762,6 

1132.3 -551.8 -959.9 

867.9 

877,8 

70 

-27.818 

27.902. 

—609,7. 

—565.4—543.2 

—559.8—276.8- 

_-79.9. 

— 27.00_ 

„-B. 12— 50.79- 

_.61.38_ 

.859. 8-1168. 6-r666. 2-1025. 8— 943*0. 

_945.9_ 

85 

29.408 

29.302 

604,3 

531,8 536,2 

527.9 

278.8 

-64.0 

27.48 

-6.91 

53.25 

63.53 

896.2 

1184.2 -718.1-1060.0 

996.9 

996.1 

90 

. 29.914 

29.356 

-594,4. 

.. 518.0- .519.9 

. 515.1. 

—283.0 

-54.8 

. 28,99 

-6.07 . 

-54.39 

. 64.23 

893,1 

1184.8.-726.1-1066.9 

1014.1. 

.1012.1 

95 

. 30.382 

30.293 

578,7 

485.8 499.9 

482,7 

291,5 

-54.7 

30,25 

-6.47 

55,90 

65.95 

891,8 

1184.6 -738.5-1081.6 

1030.0 

1026,9 

% SPAN 

INCS " 

~ INCM ' 

’ 'dev 

turn 'camber' omega-b 

"d-fac OMEGA-B 

LOSS-P’ 

LOSS-P " 

~P02/' ” 

EFF-P EFF-AD 

EFF-P M— 1 M-2 

M'-l 

M'“2 

DEGREE- DEGREE. DEGREE -OEGREE-DEGREE-SHOCK — 
-3.51 -.59 11.89 43.30 55.89 .0000 


IOTA! PROFILE 

POl TOT At TOTAL. STATIC. . . _ 



5 

.2332 

,0645 

.0209 

.0209 

.9748 

.0000 

.0000 

.4459 .7231 .6799 

.5903 

.9741 

10 

— -3.97 

.-1.03 

. . 9,16 

. 43,76 - 53,86. 

. ,0000 

-.2462 

...0924 

_ . 0234 

. . 0234., 

. .9743 

....ODOO_ 

..0000 

. ,.4626 _,6882 ...6473 

-.5928. 

...9733. 

IS 

-4.16 

-1.22 

7.93 

43,44 52.56 

.0000 

.2429 

.0715 

.0186 

,0186 

.9815 

.0000 

.0000 

,5210 .6602 .6240 

.5970 

.9730 

30 

— .r5.36 

--2.36 

_ 7.46 

41,02.. 50.67 

._ .0000, 

— .2351 

_,0296. 

.. .0082. 

...0082.. 

. .9935 

..0000... 

, .0000 

-.7880... .6002 .5739 

—.6314. 

—.9765 

SO 

-7,13 

-4.00 

8.25 

37.46 49.59 

.0000 

.2414 

.0243 

.0074 

.0074 

,9953 

.0000 

,0000 

.8302 .5631 .5350 

.6983 

.9998 

70 

s8.76_ 

—-S.52 

9.33 — 35-12 — 49.87- 

_ .0000 — .2662. 

— .Q334- 

—.0110. 

-.0110 *9940— .OOOCL— .0000 .8078 .5382 ,4964 .7651 — 1*8301. 

8S 

-4.76 

-4.41 

13,05 

34,38 52.08 

.0000 

.3184 

,0874 

.0303 

,0303 

,9846 

.0000 

.0000 

.6197 .5314 .4660 

,7897 

1.0377 

90 

_-.t2.86 

,-3.06. 

.15,48 

-35,06—53,76. 

_ .0000. 

—.3337. 

_,Q319.. 

, 0289. 

...0289. 

..,9861. 

— 0000- 

-.0000 

6688. 5216.. _,4525. 

_.7848_1.0349 

95 

-3.63 

-2.05 

17.21 

36,73 56.05 

.0000 

.3766 

.1155 

,0414 

.0414 

.9814 

.0000 

.0000 

.6377 .5063 .4229 

.7820 

1.0311 


NCORR WCORR TO/TO PO/PO EFF-AD EFF-P WC1/A1 Wrt.eto EEF - AD PO/PO 

INI FT '...INLEI I.MlXt — I Ml, FT — INLET — TN I. ET l. RM /SEC. %otal ADJ. _U1CAL_ 

RPM LBM/SEC % * SOFT -5.-*;-- 

_7769.— 130,39-t.0935_l r 507-9_S5,30-65»a6_2?.A3_. .00608. ba.66 -.9.906- 



TABLE 1 1.3 

BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION, 70 PERCENT OF DESIGN SPEED, POINTS 1-5 

Rotor 



DIA-1 

DIA-2 

v-i 

V-2 

VM-1 

VM-2 

V0-1 ' 

V0-2 

8-1 

B-2 

B'-l 

B'-2 

V'-l 

V'-2 VO'-l V0>-2 

u-i 

U-2 

% SPAN 

IN 

IN FT/SCC FT/SEC FT/SEC FT/SEC FT/SEC 1 

r T/SEC DEGREE 1 

1EGREE DEGREE DEGREE FT/SEC FT/SEC FT/SEC FT/SEC 1 

-T/SEC FT/SEC 

S 

17.467 

19.769 

376.5 

759.5 

376.5 

529.0 

.0 

545.0 

.00 

45.86 

57.51 

13,22 

701.0 

543.5 -591.3 -124.2 

591,3 

669,2 

10 

18.467 

20,408 

383,9 

729.6 

383.9 

523.4 

.0 

508.3 

.00 

44.15 

58.44 

19.22 

733.6 

554.7 -625.1 -182.6 

625.1 

690,8 

IS 

19.467 

21.047 

390.5 

69.2,4 

390.5 

506.3 

.0 

472.2 

.00 

43.00 

59.35 

25,36 

766.0 

561.4 -659.0 -240,2 

659,0 

712.5 

30 

22.314 

22.964 

403,4 

610.6 

403.4 

460.4 

.0 

401 .1 

,00 

41.06 

61.88 

39.24 

856.4 

594.8 -755,4 -376.3 

755.4 

777,4 

SO 

25.791 

25.520 

408.3 

561,5 

408.3 

441.8 

,0 

346,5 

.00 

38.10 

64.93 

49,49 

963.9 

680.5 -873.1 -S17.4 

873,1 

863.9 

70 

28.954 

28.076 

402,5 

530,5 

402.5 

429.4 

--- .0 

311.5 

.00 

35.95 

67.6o 

56.06 

1059. b 

770.0 -980.1 -633. 9 

980.1 

950.4 

8S 

' 31.295 

29.993 

392.6 

517.0 

392.6 

406.5 

.0 

319.5 

-.00 

38.17 

69.6b 

59.71 

1129.8 

805.8-1059.4 -695.8 

1059.4 

1015.3 

90 

31.883 

30,630 

369.0 

499,9 

389.3 

376.3 

.0 

328.8 

.00 

41.18 

70.14. 

62.02 

1147.5 

802.0-1079.3 -708.0 

1079.3 

1036.9 

95 

32.499 

31.271 

387,4 

477.0 

387.4 

342.3 

.0 

332.0 

,00 

44.15 

70,60 

64.77 

1166.4 

803.3-1100.1 -726.6 

1100.1 

1058.6 


INCS 

INCM 

DEV 

TURN CAMBER OMEGA-B 

O-FAC 1 

9MEGA-B 

LOSS-P 

LOSS-P 

P02/ 

EFF-P EFF-AD 

EFF-P ’ M— 1 “ M-2 

"m*-i 

M»-2 

% SPAN 

DEGREE DEGREE DEGRCE DEGREE DEGREE SHOCK ■ 

. . 

TOTAL PROFILE 

POi TOTAL .TOTAL STATIC .. 



S 

2.16 

8.59 

13.05 

44.29 

48,82 

<0013 

.4062 

-.0038 

-.0008 

-.0011 

1.4741 

1.0013 

1.0014 

1.0043 .3426 .6720 

~ .6415 

,4808 

10 

2.52 

8.07 

13.15 

39,22 

43.54 

.0020 

.4113 

-.0041 

-.0009 

-.0013 

1.4542 

1.0018 

1.0019 

1.0047 . . 3502 .6447 

.6756 

.4901 

IS 

2.91 

8.61 

12.87 

33,99 

38.03 

.0029 

.4211 

.0160 

.0035 

.0028 

1.4251 

,9873 

.9866 

.9760 .3561 .6107 

.7066 

,4952 

30 

- .4.08 

8.00 

— 9,47 

■22.65 

■ -24.11 

- .0060f’ 

-.4335 

,0630 

.0131 

.0119 

1.3672 

...,9370. 

... .9341 

. .909l„ .3672 ...5362 

,7865 

.,5223 

SO 

5.39 

7.97 

7.17 

15.44' 

14.64 

.0088 

.4031 

.0697 

,0138 

.0120 

1.3398 

,9110 

.9072 

.8861 .3706 .4918 

.8805 

,5960 

70 

— 6.18 

7.99 

- 5.56 

11,60 

- 9.16- 

- .0084 

-.3712 

.0797 

..0151 

. .0135 

1.3222 

.8793 

. .8744 

• .8540. .3650 _ .4637 

. .9631 

.6731 

35 

6.31 

7.57 

5.51 

9.96 

7.92 

.0083 

.3870 

.1376 

.0251 

.0237 

1.3142 

.7878 

.7794 

.7513 .3566 .4495 

1.0207 

.7006 

90 

■ 6.33 

7.42 

6.85 

8.12 

. 7.58 

-.0089 

-.4047 

.1803 

.0312 

.0297 

1.3028 

. .7274 

_ .7170 

.6912 - .3537 ..4330 

1.0383 

.6947 

9S 

6.38 

7.30 

0.77 

5,83 

7,31 

.0107 

.4161 

.2128 

,0341 

.0324 

1.2888 

,6779 

.6662 

.6482 .3514 .4118 

1.0551 

.6936 


TO/TO PO/PO EFF-AD EFF-P 
INLET-INLET- INLET - -INLET. 

ft ft 

1.1024 1. 3556- 88.76 89.24 

Stator 



DIA-l 

0IA-2 

V-l 

V-2 

VM-1 

VM-2 

VU-l 

VO-2 

8-1 

B-2 

B'-l 

B’-2 

V'-l 

V-2 

VQ'-l V0'-2 

U-i 

U-2 

% SPAN 

IN IN FT/SCC FT/SEC 1 

FT/SEC 1 

FT/SEC FT/SEC FT/SEC DEGREE DEGREE DEGREE DEGREE ! 

FT/SEC 1 

r T/SEC FT/SEC FT/SEC 1 

-T/SEC FT/SEC 

5 

20,409 

21.409 

796, a 

■703,2 

596.8 

701.3 

527,6 

-51.5 

41.30 

-4.20 

15.28 

48.00 

618.7 

1048.2 

-163,0 -778,9 

690.9 

727.4 

10 

21.008 

21.961 

767.2 

664.9 

£80.1 

660. 9 

492, 6 

-71.8 

39.94 

-6.22 

20.38 

50.97 

627.7 

1049.7 

-218.6 -815.2 

711.2 

743.4 

IS 

21 .589 

22'. 432 

732.6 

640,0 

570.3 

63S.1 

459,8 

-78.6 

38,87 

-7.06 

25.40 

52.84 

632.2 

1051.7 

-271,0 -838.0 

730.8 

. 759.4 

30 

23.314 

23.902 

657,0 

589.1 

526.1 

584.2 

394.9 

-75.4 

36.09 

-7.35 

30.83 

56.55 

657.6 

1060.1 

-394.3 -884.5 

789,2 

809,1 

SO 

25.601 

25,093 

615.9 

549.7 

509.9 

545.1 

345.3 

-70.7 

34,10 

-7.39 

45.62 

60,07 

729.4 

1092.9 

-521.3 -947,2 

866.6 

876,5 

70 

27.818 

27.902 

596.5 

521.6 

506.9 

517.0 

314,3 

-69.3 

31.80 

-7.64 

51.04 

62.98 

806.7 

1138.1 

-627.4-1013.8 

941.7 

944,5 

85 

29.408 

29.302 

596,4 

494,8 

499.3 

492.1 

326,2 

-01.3 

33.16 

-5.94 

53.28 

64.80 

835.1 

1155.9 

-669.3-1045.9 

995.5 

994,6 

90 

29.914 

29.856 

586,8 

400,0 

460,3 

470.4 

337,0 

-39.1 

35.07 

-4.67 

54,60 

65.50 

. 829.0 

1153.7 

-675.6-1049.8 

1012.6 

1010.7 

95 

30.382 

30.293 

573.0 

453,3 

4o0 . 1 

451.8 

341.5 

-37.3 

36.59 

-4.73 

56.19 

66.97 

826.9 

1154.9 

-687.0-1062,8 

1028.5 

1025.5 

CHAN 

INCS 

INCM 

OEV 

TURN CAMBER ( 

0MEGA-B 

D-FAC OMEGA-B 

LOSS-P 

LOSS-P 

P02/ 

EFF-P 1 

EFF-AO 

EFF-P 

’ M-l M-2 

M'-l 

M'-2 

yo o 1 An 
c 

DEGREE OEGREE DEGREE OEGREE DEGPCE SHOCK 


TOTAL PROFILE 

P01 TOTAL ' 

TOTAL STATIC 

. _ 


„ 

t 

-.85 

2.07 

12.20 

45,70 

55.90 

.0000 

.2944 

.0963 

.0239 

.0239 

.9726 

.0000 

.0000 

.6522 

.7015 ,6184 

.5503 

.9218 


• -1.55 

1.39 

9,22 

46.16 

53.07 

.0000 

'.3180 

.1257 

.0319 

.0319 

.9664 

.0000 

.0000 

.6132 

.6706 .5840 

. .5582 

.9219 

1 S 

-1.53 

1.41 

7.99 

45,93 

52.56 

.0000 

. 3160 

.1047 

.0272 

♦ 0272 

.9741 

.0000 

.0000 

.6420 

.6422 .5617 

.5607 

.9230 

30 

- -1 .64 

. 1.36 

7.67 

44.24 

50,67 

.0000 

.3035 

,0363 

.0101 

.0101 

.9926 

.0000 

.0000 

.8591 

.5774 . .5163 

.5844 

. .9292 

50 

-2.66 

.46 

8.65 

41,49 

49,58 

.0000 

.3136 

,0249 

.0076 

.0076 

.9955 

.0000 

.0000 

.8990 

.5408 .4810 

.6461 

.9564 

70 

-3.91 

. -.67 

9.82 

39.44 

49.87. 

. .0000 

.3384 

.0333 

.0109 

.0109 

.9943 

.0000 

. .0000 

. .8721 

. .5237 4556 

.7121 

.9941 

85 

.88 

1.24 

14,00 

39,10 

52.07 

.0000 

.3917 

.0897 

,0312 

.0312 

.9848 

.0000 

.0000 

.7157 

.5208 .4293 

.7299 

1.0029 

90 

■- 3.17 

3.00 

16,90 

39,74 

53,79 

,0000 

.4100 

.0905 

.0320 

.0320 

.9852 

.0000 

. .0000 

.7344 

.5110 -.4150 

.7224 

.9976 

95 

2.75 

4.28 

18.95 

41.32 

56,06 

.0000 

.4476 

,1158 

,0409 

.0409 

.9822 

.0000 

.0000 

.7162 

.4977 .3907 

.7192 

.9955 


. NC0RR WCORR TO/TO PO/PO EFF-AD EFF-P WC1/A1 

W-RT.FRn KPP 

■ ATI ' 

PO/PO 






INLET INLET -INLET -INLET — INLET- INLET LnM/SEC 

W TOTAli ATVT. 

LOCAL. 






RPM LBM/SEC 



X • 

X SQFT 



_ 










7758, 124,57 1, 

1022 1 

.3394 .1 

35.10 85 

i.78 20 

.12 

• 00701 

« 52 

-..9888 







TABLE 1 1.4 

BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION, 70 PERCENT OF DESIGN SPEED, POINTS 1-5 

Rotor 



OIA-1 

DIA-2 

V-l 

V-2 

VM-J 

VM-2 

VO-1 

VO-2 

B-l 

8-2 

B'-l 

B'-2 

V'-l 

V'-2 VO'-i VO * -2 

U-l 

U-2 

% SPAN 

IN 

IN 1 

"T/SFC 1 

FT/SFC 

FT/SCC 1 

FT/SEC 1 

FT/SCC 1 

rT/SEC 1 

DEGREE DEGREE 1 

DEGREE 1 

DEGREE 1 

FT/SEC 1 

FT/SEC FT/SEC FT/SEC 1 

FT/SEC FT/SEC 

S 

17.467 

.19.769 

357,4 

798.3 

357.4 

505.1 

.0 

552.1 

.00 

47,54 

58.81 

12.96 

690.3 

518.5 -590.5 -116,2 

590.5 

668.4 

10 

18.467 

20.408 

364.4 

720.4 

364.4 

501.6 

.0 

517.0 

,00 

45.86 

59.73 

19.02 

722.9 

531.0 -624.4 -173,0 

624.4 

690.0 

IS 

19.467 

21,047 

370,6 

604.0 

370,6 

434.0 

.0 

483.3 

.09 

44.95 

60.62 

25.23 

755,3 

536.2 -658.2 -228,2 

658.2 

711.6 

30 

22.314 

22. Q o4 

382.3 

602.2 

382.3 

433.4 

.0 

418.1 

.00 

43.96 

63.12 

39.55 

845,8 

562.6 -754.4 -358.3 

754.4 

776.4 

SO 

25.791 

25.520 

386,1 

556.1 

386,1 

416.8 

.0 

360,1 

.00 

41.44 

66.11 

49.86 

953.6 

647.1 -072.0 -494,7 

872.0 

862.8 

70 

28.954 

28.076 

379,9 

533.9 

379.9 

407.7 

.0 

344.6 

,oo 

40.20 

68.77 

55.98 

1050.1 

729.4 -978.9 -604.6 

973.9 

949.2 

8S 

31.295 

29.993 

370.3 

517,7 

370.3 

366.6 

.0 

365.5 

-.00 

44.92 

70.71 

60.52 

1121.0 

745.0-1058.1 -648,5 

1058,1 

1014.0 

90 

31.883 

30.630 

367.9 

503.1 

367.9 

343.1 

.0 

367.7 

.00 

47.00 

71.15 

62.80 

1139.0 

751.0-1077.9 -667.8 

1077,9 

1035.6 

9S 

32.499 

31.271 

365,6 

493.6 

365.6 

330.3 

.0 

366.8 

.00 

48.00 

71.59 

64.43 

1158.0 

765.4-1098.8 -690.5 

1098.8 

1057.2 


INCS 

INCH 

DEV 

TURN CAMBER OMEGA-B 

D-FAC OMEGA-B 

LOSS-P 

LOSS-P 

P02/ 

EFF-P EFF-AD 

EFF-P M-l M-2 

' M'-l 

M*-2 

% SPAN 

DEGREE DEGREE DEGREE DEGREE DEGREE SHOCK -• 



TOTAL PROFILE 

. POl -TOTAL -TOTAL .STATIC - 




S 

3.47 

9.90 

12.79 

45,85 

46JB2 

.0026 

.4356 

-.0099 

-.0021 

-.0027 

1.4825 

1.0047 

1.0050 

1.0119 .3249 .6608 

.6314 

,4578 

10 

3.81 

10.15 

12,95 

40.71 

43.54 

,0036 

.4383 

-.0128 

-.0028 

-.0036 

1.4654 

1.0072 

1.0076 

1.0158 . .3321 ..6353 

. .6657 

.4683 

15 

4.18 

9.86 

12.71 

35,33 

38.00 

.0048 

.4500 

.0117 

,0025 

,0015 

1.4377 

.9909 

.9905 

.9837 .3376 .6021 

.6970 

,4719 

30 

— 5.34 

- 9.24 

9,79- 

- 23,57- 

-24.11 

.0005 

.4699 

.0733 

,0152 

-.0134 

1.3012 

.9310 

...9277 

-.9007 .. .3474 —.5273 

_ .7789 

-.4927 

50 

6. 58 

9.16 

7.56 

16,25 

14.66 

.0116 

.4386 

.0832 

,0164 

.0141 

1.3583 

.9013 

.0969 

.8728 .3498 .4855 

.8706 

. 5549 

70 

— 7.30' 

• 9.10 

5.48- 

12,80- 

— 9.16 

- .0106- 

■ -.4147 

.1051 

- .0199 

.0176 

1.3493 

,8573 

.8511 

.8242 .3440 -.4646 

.9538 

,6347 

85 

7.36 

8.62 

6.33 

10.18 

7.94 

.0103 

.4510 

,1879 

,0335 

,0317 

1.3407 

.7451 

.7344 

,6999 .3358 .4470 

1.0114 

,6433 

90 

7.35 

8.44 

7.64 

8,35 

7.58 

.0108 

.4574 

.2133 

,0360 

. .0342 

1.3323 

.7106 

.6987 

.6675 .3334 ..4333 

1.0288 

.6468 

95 

7. 38 

8.30 

8.42 

7,16 

7.30 

.0127 

.4558 

.2261 

• 03b7 

,0346 

1.3280 

.6907 

,6781 

.6497 .3313 .4244 

1.0456 

.6581 


TO/TO P0/P0 EFF-AD EfF-P 
-INLET- -INLET -INLET— INLET- 
% % 

1,1095 ] ,3761— G7.26-87.B2 

Stator 



DIA-1 

DIA-2 

V-l 

V-2 

VM-1 

VM-2 

VO-l 

VO-2 

B-l 

13-2 

B'-l 

' S’-2 

V-l 

V-2 

VO'-l VO ' -2 

U-l 

U-2 

%SPAN 

IN 

IN FT/SCC 1 

FT/SFC l 

FT/SCC 1 

FT/SCC FT/SEC FT/SEC DEGREE DEGREE DEGREE DEGREE 1 

FT/SEC 1 

r T/SEC FT/SEC FT/SEC FT/SEC FT/SEC 

5 

20.409 

21.409 

779.8 

647.6 

567.5 

645.9 

534.8 

-4b. 6 

43. .30 

-4.13 

15.30 

50.12 

508.4 

1007.5 

-155.2 -773.2 

690.0 

726.5 

10 

21.000 

21.961 

751.9 

614,2 

560.5 

61 C .6 

5U1.2 

-65.2 

41.79 

-6.11 

20,45 

52.91 

598,6 

1012.7 

-209,1 -807.7 

710.3 

742,5 

15 

21.589 

22,432 

717.9 

590.8 

542,0 

586,5 

470.8 

-71.4 

40,97 

-6.95 

25.55 

54.75 

601.6 

1016.3 

-259.1 -829,8 

729,9 

758.4 

30 

23.314 

23,902 

642,6 

544.1 

493.4 

539.9 

411.7 

-67.4 

39,84 

-7.12 

37.33 

58.33 

620.9 

1028.7 

-376.5 -875,5 

7B8.2 

808.1 

SO 

25.601 

25.893 

603.2 

507.1 

478.7 

502.4 

366,9 

-68. 6 

37.47 

-7.77 

46.15 

61.97 

691.3 

1069.4 

-498.6 -944.0 

865.5 

875.4 

70 

27.818 

27.902 

591.3 

482.9 

478.1 

478.9 

347,9 

-62.0 

36.04 

-7.38 

51.09 

64.53 

761.5 

1113.6 

-592.6-1005.3 

940.5 

943.3 

85 

29.408 

29,302 

507.8 

459.8 

454.3 

457.7 

373.0 

-43.4 

39.39 

-5.42 

53.82 

66,18 

769.7 

1133.4 

-621.3-1036.8 

994.3 

993.4 

90, 

29.914 

29.056 

579,2 

444.1 

439.8 

442.6 

376.9 

-3b. 3 

40.bt> 

-4.68 

55.27 

67.06 

772,1 

1135.6 

-634.5-1045,7 

1011.4 

1009.4 

95 

30.382 

30.293 

575.5 

435.6 

434.5 

433.9 

377,4 

-30.1 

40.98 

-5.02 

56.23 

"67.76 

761,6 

1147,5 

-649.7-1062,3 

1027.2 

1024.2 


INCS 

INCM 

DEV 

TURN CAMBER OMFGA-B 

Q-FAC OMEGA-B 

LOSS-P 

LOSS-P " 

P02/ 

‘EFF-P EFF-AD 

EFF-P 

M-l' " ’m-2 

V-l ‘ 

M'“2 

% SPAN 

DEGREE DEGREE DEGREE DEGREE DEGREE SHOCK . 


TOTAL PROFILE . 

■POl TOTAL TOTAL STATIC - 

, „ .. 

. . , 

... . 

5 

.92 

3.84 

12.27 

47,43 

55,90 

.0002 

.3509 

,1086 

,0269 

.0269 

.9703 

,0000 

.0000 

.7165 

.6850 .5659 

.5227 

,8804 

10 

.36 

3.30 

9.32 

47, 9t 

53.87 

.0001 

.3721 

.1299 

,0330 

,0329 

.9666 

.0000 

.0000 

.6969 

,6561. .5363 

.5307 

.8642 

15 

.62 

3.56 

8,11 

47.92 

52,57 

.0002 

.3717 

,1060 

.0275 

.0275 

.9740 

.0000 

.0000 

.7290 

.6281 .5155 

.5316 

.8868 

30 

-—1.39 

4.39 

8.10 

■ 46,96- 

-50.67 

- .0005 

- .'3607 

.0215 

.0060 

.0059 

.9958 

.0000 

. .0000 

.. .9406. 

. .5621 .4741 

. .5487 

.8964 

SO 

.70 

3.91 

S .27 

45,24 

49,59 

,0005 

.3796 

.0132 

,0040 

.0039 

.9977 

.0000 

.0000 

.9546 

.5278 .4410 

.6089 

.9300 

70 

- .37 

• 3.61. 

10.08 

43,42 

49.83 

- .0004 

- .4129 

,0413 

,013o 

.0134 

.9931 

-.0000 

-.0000’ 

.8805 

.5170— .4186 

- .6677 

.9652 

85 

6.91 

7.34 

14,52 

44,81 

52.06 

.0939 

.4655 

,0789 

.0275 

.0261 

.9871 

.0000 

.0000 

.8055 

.5099 .3953 

. 6685 

,9744 

— . 90 

8. 56 

8.44 

16.91 

45,26 

53.81 

.0045 

.4870 

,0894 

.0317 

.0301 

.9859 

.0000 

.oooo 

.7948 

.5014 -.3609 

.6690 

,9739 

S 9S 

7.11 

8.60 

18.66 

46,00 

56,05 

.0031 

.5039 

,0980 

,0352 

,0341 

.9847 

.0000 

.0000 

.7873 

.4980 .3730 

.6768 

.9827 


NCORR WCORR TO/TO PO/PO EFF-AD EFF-P WCJ/Ai 
- INLET INLET— INLET — INLET— INLET — INLET -LBM/SEC- 
RPM LBM/SEC % % SOFT 

-7748, 118,63 1.1094-1.3610 — 84.16 84,84 26.78- 


JJlLEEfi EFT - AD 
W ADJ. 


.00785 83. 47 


PO/PO 
-LOCAI 


.9898- 
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TABLE 11.5 

BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION, 70 PERCENT OF DESIGN SPEED, POINTS 1-5 


Rotor 



DIA-1 

OIA-2 

V-l 

V- 2 

VM-1 

VM-2 

VO-1 

VO-2 

B-l 

B-2 

B'-l 

B'-2 

V'-l 

V -2 VO’-l VO *-2 

U-l 

U-2 

&SPAN* 

IN IN FT/SEC FT/SFC FT/SEC FT/SEC FT/SEC FT/SEC DEGREE DEGREE DEGREE DEGREE 1 

-T/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC 

S 

17.467 

19,769 

339,9 

741.2 

339.9 

400.3 

.0 

557.6 

.00 

48.79 

60.12 

12.91 

682.3 

501.1 -591.6 -111.9 

591.6 

669.5 

10 

18.467 

20.408 

346,5 

713.6 

346.5 

482.9 

.0 

525.3 

.00 

47.40 

61.01 

18.94 

715.0 

511. 0 -625.4 -165.9 

625.4 

691.2 

IS 

19.467 

21.047 

352.4 

680.7 

352.4 

467.3 

.0 

495.0 

.00 

46.65 

61.87 

24.98 

747.6 

516.6 -659.3 -217.8 

659,3 

712.8 

30 

22.314 

22.964 

363,2 

606.2 

363.2 

421.3 

.0 

435.8 

.00 

45.96 

64.32 

39.01 

838.5 

543.1 -755.7 -342.0 

755.7 

777.7 

SO 

25.791 

25.520 

365,1 

551.9 

3o5,l 

390.2 

.0 

390.3 

.00 

45.01- 

67,31 

50.50 

946.7 

' 614.1 -873.5 -474.0 

873.5 

864.3 

70 

28.954 

28.076 

357,3 

536.4 

357,3 

370.0 

0 

380.6 

.00 

45.19 

69.97 

56.44 

1043.7 

684,3 -9B0.6 -570,3 

980.6 

950.9 

SS 

31.2«5 

29,993 

347,8 

522,7 

347. B 

334.5 

,0 

401,6 

.00 

50.21 

71.83 

61.42 

1115.5 

699.4-1059.9 -614.2 

1059.9 

1015.8 

90 

31.883 

30,630 

345,5 

514,1 

345,5 

324.1 

- .0 

399.0 

,00 

50.92 

72.26 

63.07 

1133.7 

716,0-1079.8 -638.3 

1079. a 

1037.4 

95 

32.499 

31.271 

343.3 

503,7 

343.3 

312.2 

.0 

395.3 

.00 

51.70 

72.68 

64.80 

1153.0 

733,6-1100.7 -663.8 

1100,7 

1059.1 


INCS 

INCM 

DEV 

TURN CAMBER OMEGA-B 

0-FAC OMEGA-B 

LOSS-P 

LOSS-P 

P02/ 

EFF-P 1 

iFF-AD 

EFF-P "m-1 ' M-2 

' M’-l" 

M*-2 

%SPAN 

DEGREE DEGREE DEGREE DEGREE DEGREE SHOCK 


TOTAL PROFILE 

POl TOTAL ' 

TOTAL STATIC .. .. . 

_ , , 


5 

4.77 

11.20 

12.74 

47,21 

48,82 

.0047 

.4563 

-.0115 

-.0025 

-,003b 

1.4894 

1,0054 

1.0057 

1.0134 .3088 ,6536 

,6241 

.4418 

10 

5.09 

11.42 

12,87 

42,07 

43.53 

.0060 

.4629 

-,0074 

-.0016 

-.0029 

1.4729 

1.0037 

1.0039 

1.0034 .3156 .6282 

,6589 

.4499 

15 

5.45 

11.00 

12.42 

36,69 

37.96 

,0075 

.4744 

,0157 

.0034 

.0018 

1.4493 

.9885 

.9879 

.9793 .3209 .5982 

.6907 

.4539 

30 

. 6.58 

10.45 

■ 9.26 

25,30 

24.11 

.0118 

.4944 

. .0775 

.0162 

.0137 

1.4000 

.9310, 

—.9277 

.8985 -. 3297. .5299 

. .7738 

..4747 

50 

7.82 

10.38 

8.25 

16,81 

14,69 

.0153 

.4764 

,1123 

,0219 

,0189 

1.3702 

.8751 

.8694 

.8383 .3300 .4803 

.8662 

,5344 

70 

8.51 

10.29 

- 5.95 

13,53 

- 9.17- 

- ,0142. 

. -..4657 

.1527 

,-..0205 

-.0259 

1.3669 

...8125. 

— .8040 

. .7667 — .3228 —.4645 

...9487 

. .5925 

85 

8.49 

9.75 

7.25 

10.41 

7.95 

.0131 

.5006 

,2279 

.0395 

.0372 

1.3622 

.7174 

.7049 

.6627 .3149 .4490 

1.0053 

.6008 

90 

8.45 

• 9.54 

7,92 

9,18 

7. 59 

‘ .0136 

.4957 

,2379 

.0398 

.0375 

1.3588 

-.7021 

. .6890 

.6491 „.3126 ..4409 

.1.0227 

. .6141 

95 

8.46 

9,39 

8,80 

7,87 

7.30 

.0156 

.4901 

,2459 

,0393 

.0369 

1.3546 

,6876 

.6741 

.6374 .3107 .4314 

1.0397 

.6284 


TO/TO PO/PO EFF-AD EFF-P 
INLET - INLET - INLET- -INLET 
% % 

1,1165 1.3932 ..BS. 33 86.00 

Stator 



DIA-1 

DIA-2 

V-l 

V-2 

VM-1 

VM-2 

VO-1 

VO-2 

B-l 

B-2 

B'-l 

B’-2 ■ 

V'-l 

V»-2 VO'-l VO *-2 

U-l 

U-2 

%SPAN 

IN 

EN FT/SCC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC DEGREE DE6REE DEGREE DEGREE 1 

"T/SEC FT/SEC FT/SEC FT/SEC FT/SEC FT/SEC 

5 

20.409 

21.489 

768,1 

615.7 

546,2 

614.9 

540.1 

-29.9 

44.68 

-2.79 

15.46 

50.94 

566.8 

975,9 -151.1 -757.7 

691.2 

727,8 

10 

21.008 

21,961 

740,6 

504,2 

537.5 

582.0 

509.4 

-49.0 

43.46 

-4.83 

20.59 

53.71 

574.6 

983.7 -202.0 -792.8 

711.5 

743.8 

15 

21.589 

22,432 

709,7 

1560 *3 

520.7 

557.5 

482.2 

— 5b «0 

42,80 

-5.75 

25.55 

55.65 

577.9 

908.3 -249.0 -815.8 

731.2 

759.7 

30 

23.314 

23,902 

640.4 

508.5 

475.4 

505.6 

429.2 

-54.2 

42,07 

-6.13 

37.14 

59,65 

596.9 

1001.0 -360.4 -863.8 

• 789,6 

809.5 

SO 

25.601 

25,893 

592,7 

467.6 

447,1 

464.5 

389,2 

-53.6 

41,04 

-6.59 

46.89 

63.47 

654.5 

1040.1 -477.9 -930.6 

867,1 

876.9 

70 

27.818 

27.902 

586,2 

455.9 

442,7 

. . 453.5 

384.2 

— 4o,8 

40.95 

.-5.39 

51.55 

65.42 

. 712.3 

1090.5 -557.9 -991.7 

942.1 

945.0 

85 

29.406 

29.302 

583,6 

437.4 

415,5 

436,3 

409.6 

-31.9 

44.60 

-4.19 

54.67 

66.98 

718.6 

1115.9 -586.2-1027.0 

996.0 

995,1 

90 

29.914 

29,856 

579.5 

428.7 

410. 8 

427.7 

408,8 

-29.2 

44.86 

-3.90 

55.79 

67.65 

. 730.8 

1124.9 -604.3-1040.4 

1013.1 

1011.2 

95 

30.382 

30,293 

574,5 

418,8 

405,6 

417,7 

406,8 

-30.3 

45.08 

-4.15 

56,89 

68,42 

742.8 

1135.9 -622.2-1056.3 

1029.0 

1026,0 


INCS 

INCM 

DEV 

TURN ( 

:AMRER OMEGA-B 

D-FAC OMEGA-B 

LOSS-P 

LOSS-P 

P02/ 

EFF-P 1 

EFF-AD 

EFF-P M-1 M-2 

'V-i“ 

" M*-2 

% SPAN 

DEGREE DEGREE DEGRCE DEGREE DEGREE SHOCK 


TOTAL PROFILE. 

POl TOTAL ' 

TOTAL STATIC 



5 

2.33 

5.25 

13.61 

47,47 

55.90 

.0006 

.378B 

.1180 

.0293 

.0292 

.9686 

.0000 

.0000 

.7295 .6730 .5360 

.5023 

.8496 

10 

2.06 

4.99 

10.60 

48.29 

53,87 

.0007 

.4001 

.1361 

. .0346 

.,0344 

.9660 

,0000 

— .0000 

. .7143 .6454 . .5081 

-.5085 

. .8556 

IS 

2.47 

5.41 

9.32 

48,55 

52.58 

.0010 

• 405B 

♦ 1230 

.0320 

.0318 

.9715 

.0000 

.0000 

.7234 .6200 .4869 

.5095 

,8588 

30 

.. 3.65 

6.65 

9.09 

48,20 

50.67 

.0031 

.4158 

.0780 

.0220 

,,0212 

.9348 

.0000 

-.0000. 

. .0116 5595_. ,4409. 

...5254. 

.8679 

50 

4.35 

7.48 

9.45 

47,63 

49.60 

.0057 

.4390 

• .0540 

.0164 

.0147 

.9910 

.0000 

.0000 

.6658 ,5174 .4042 

.5723 

.8992 

70 

- 5.29 

8.52 

11.57 

- 46,84 

49.89 

.0106 

. .4657 

.0633 

.0209 

.,0174 

.9897 

.0000 

,_.0000 

-.8537 . ,5097.. ..3924 

_ • 6193 

,9387 

85 

11.93 

12.47 

15.74 

40,79 

52.06 

.0288 

.5151 

.0989 

.0345 

.0245 

.9843 

.0000 

.0000 

.7927 .5038 .3736 

.6204 

.9529 

90 

12.76 

12.65 

17.70 

- 40.77 

53.83 

.0247 

.5291 

.1100 

.0390 

,0302.. 

...9828 

-.0000 

—.0000 

_ .7762 .. .4996,__. 3656 

—.6302. 

,9592 

9S 

11.26 
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TABLE 12.2 
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BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION, 50 PERCENT OF DESIGN SPEED, POINTS 1-5 
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BLADE ELEMENT AND OVERALL PERFORMANCE WITH STATOR HUB SLIT 
SUCTION, 50 PERCENT OF DESIGN SPEED, POINTS 1-5 
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APPENDIX 4 

BLADE-ELEMENT AND OVERALL PERFORMANCE WITHOUT 
STATOR HUB SLIT SUCTION 
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BLADE ELEMENT AND OVERALL PERFORMANCE WITHOUT STATOR HUB 
SLIT SUCTION, 100 PERCENT OF DESIGN SPEED, POINTS 1-3 
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BLADE ELEMENT AND OVERALL PERFORMANCE WITHOUT STATOR HUB 
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